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PREFACE. 



IN O apolog}', it is presumed, can be necessary, 
on presenting to tlie English public, a work from 
the i>eii of sucli a celebrated Avriter as the late 
Abbe Spallanzani. Few individuals have held a 
more distinguished place in the republic of letters^ 
or contributed more to the advancement of 
science, than this illustrious author. * 

His experiments and observations on the ve- 
getable and animal kingdoms; on the reproduc- 
tion of the different parts of animals; his micro- 
scopical observations respecting the different sys- 
tems of generation ; his experiments on confined 
air, and on mould, which he concludes to be of 
a vegetable nature ; his dissertations on the na- 
tural history of animals and vegetables, as well as 
his chemjco-mineralogical productions are already 
well known to the learned and scientific world. 

Spallanzani had previously written a small trea- 
tise on the circulation of the blood, but having 
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multiplied and varied his researches on several 
different animals, and extended his views to the 
various phaenomena of languid circulation, &c. 
the whole of his labours, on tliese important sub-r 
jects were given to the world, in the present vo- 
lume, a short time before his death. 

It cannot be disputed, that the greatest ad- 
vantages have accrued to science from the me- 
thod of philosophising so happily introduced by 
the illustrious Bacon, and since so successfully 
cultivated by his followers. Reasoning from 
pre-conccived opinions, and arbitrary hypotheses, 
lias now in general given place to conclusions 
founded on the induction of facts which are 
either self-evident, or ascertained by experiment : 
but, although, when experimental pursuits are 
conducted with precision and candour, reason- 
ing by induction seems best calculated to ad- 
vance scientific knowledge, and to discover prin- 
ciples of extensive application, yet so many are 
tiie sources of fallacy which constantly operate 
to produce different results, as well as iulse and 
contradictory conclusions, that too rigid an 

exercise 
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exercise of the judgrtient, it must be obvious, 
cannot be employed in our investigations and 
reasonings, in order to arrive at legitimate con- 
clusions. 

It is only, then, by pursuing close and atten- 
tive observation, and proceeding on the strict 
and severe process of experiment and induction^ 
that we can ever hope to attain a knowledge of 
the geijieial and iixed laws by which tJie opera- 
tions of nature are governed; or, in other words, 
to ascertain the immutable relations which sub- 
sist between the different species of matter. Ij; 
- was an attentive observation of natural facts, and 
.9. close and accurate inquisition^ by induction 
from these, which led Newton to the discovery 
of that, law, which enabled him to explain the 
constitution of the universe. 

Proceeding, in like manner, on the principles 
of inductive philosophy, ihe Abb<i Spallaiizani, 
rests his conclusions on the solid basis of experi- 
ment and observation; and aware of the danger 
of mistaking mere resemblances for identity, he 
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never employs analogical reasoning, nnless where 
it is the only mode of argumentation applicable 
to the subject lie appears uniformly to have 
been a faithful and an enlightened observer of 
nature, and to have janited, with the most in- 
defatigable industry in collecting fiicts, those 
enlarged conceptions which never fail to charac* 
terize and direct the inquiries of the man of ge- 
nius. The numerous experiments instituted by^ 
him to discover the laws of tlie circulation, in 
warm and cold-blooded animals, seem to have 
been conducted with great accuracy, as well as 
the most minute attention to every circumstance 
that might be urged against their results, and 
contribute to throw light on a subject, till lately 
involves! in considerable obscurity. His exami* 
nation of these results, and his observations on 
the systems of other physiologists, display equal 
judgment and knowledge, and cannot fail to 
pro\'C highly interesting to those who are en- 
gaged in similar pursuits. 

Although, during the progress of the work, the 

translator has been occasionally led to express 
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4QiM^tSf wd to dkBortli aentiment from the inge* 
mom luithoiv neither the nature nor plan of 
the present pubUcationi permitt^ him to notice 
every opinicm, in which he could not fully ac-* 
qfiiesoc;,or which, in hisapprehenajpini might re- 
quire far^r ccmfirmation. 3ut whatever difie* 
fence of sentiment may prevail, respecting a ft w 
of the Author's conclusions, which are, for the 
most part, «# JMH supported by reason and iana- 
logyt 'It^WL founded on exp^iment and obsorva* 
tiouj yet Uie facts, ascerbiined o^ confirmed ia 
the jQpuise of these rese^rchea, are ^gh}y deserv- 
ing of iittehtioii,\»id stand on tlieir own distinct 
ground, independent of any reasoning -or hypo- 
thesis -wfaateven OpinUmum ocmmenta delet dies^ 
natures judicia confirmat. 

% 

The present w(A|e iB airixAed with notes, and 

* •■ ■ ■ rf 

a litcfary life of the Author, by M. Tourdes, who 

lived with Spallanzaai, in the strictest habits of 

t 
iiTtinlacy and friendship; and to whom physiolo- 
gist^, cannot but allow the praise of great iuge- 
nuity and learning, however they may differ with 
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him in some of his specul«tiom« This biogra'^ 
phical sketch contains a well written summary of 
the important labours, whichy for a long series of 
years, occupied the attention of his illustrious 
friend, in estimating whose merits, M. Tourdes, 
appears not less distinguished as a physiologist 
and natural philosopher, than by the candid 
and liberal spirit of criticism which he uniformly 
displays in his observations. On the whole, we 
need not hesitate to atlirm, that the present 
work forms a valuable addition to physiological 
scictrte, and merits the'^same favourable recep- 
tion as the other productions of this justly cele- 
brated Autlior. 



: Loudon^ 25th February, I SQL 
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LITERARY LIFE 



OF 



SPALLANZANI 



SECTION I. 

Lazarus spallanzani, was bom at 

Scandiano,* on the 12th of January, 1729. His 
father, John Nicholas Spallanzani, had practised 
as an advocate, with considerable distinction, 
and died regretted by his countrymen, at the 
age of eighty-five years. His mother, Lucia 
Cigliani, was a native of Colorni, in the Dutchy 
of Parma. Lazarus Spallanzani completed his 

* Scandiano is a small town, situated north- east of tht 
Appenixies^ about seven miles from Reggio^ and fourteen 
from Modena. It contains a population of about fif-* 
teen hundred persons. The family of Vallisnieri came 
•riginally from Scandiano^ 
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5 THE LITERARY LIFE 

efementary stiulies under his father's roof.* At 
the age of fifteen, he was sent to Reggio, 
where he studied rhetoric and philosophy, under 
the direction of the Jesuits. The rapidity of 
hrs progress soon attracted the attention of his 
tutors, and likewise tliat of the Dominicans^ both 
of M honi thought him well quaU^e<l ta si^tarn 
the glory of their order ; but the pupil refused 
to contract any engagement with either. 

From this seminary, he proceeded to (he uni- 
versity of Bologna, where experimental philo- 
sophy was then taught by that celebrated 
woman, Laura Bassa. She was cousin to Spal- 
lanzani,^ and treated him with all tl>e pegard of 
an aftbctionate relative, a sincere friend, and au 
enlightened tutoress. The pupil was not un- 
gratefuly and he soon justified the warm expec- 
tations wliich had been entertained of him. A 
splenilid tlicsiS|. which he maintained amidst the 

♦ I might add a number of commoiv-place rcnnarks 
respecting t!ie infancy of Spallanzani, his propensities^ 
amusements, 5tc. hut the sagacity and i>cnetration of 
early life do \v)i always progaosticaic an enlightened 
fudgrncnt, and a lively imagination in manhood. T 
have been assured, however, that so remarkable was 
the acutcness of >oung SpaUanzani, that hi^ companioui^ 



gave him the name of the Astrolo^fif. 



applauses 



applauses of a pumerous audience, sooii raised 
him above his class-fellows: the professors of 
that celebrated school admitted him into their 
society ; and some of them, even employed hi A 
te fill the chair in tlieir absence. 

During this period^ Spallanzani studied the 
Greek and French languages^ under Doct6r Bi- 
anconi; The former was the object of his more 
particular attention; and he was soon capable 
of reading Homer and Demosthenes with ease. 
Convinced of th^ justice of Horace s precept^ 



' ^• ' " ^ • *' Eiemplaria Graeca 
*^ Nocluma versau manu^ versate diuma,'^ 

every moment that he could spare, was occu- 
pied in perusing . those immortal productions; 
and to them, doubtless, are to be attributedi 
that perspicuity, energy, and eloquencCi which 
cliaracterize his own compositions. 

In compliance with that custom which des^ 
tines children to adopt the profession of their 
fathers, Spallanzani applied himself to the study 
of jurisprudence^ But the dr3mess of that study, 
was little calculated to captivate a mind loftyi 
independent, and already susceptible of the 

B S boldest 
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boldest conceptions^ Accordingly, after a few 
years of labour and disgust, he resolved to aban- 
don a profession for which he felt himself nei- 
ther inclined nor adapted, and resumed his phy* 
sical and mathematical studies, which he pur^ 
sued, for three years, with all that ardour which 
is usually excited by the recollection' of diffi- 
<rUlties already overcome, and the view of fresh 
obstacles ta be surmounted. Hence were de* 
rived tliat talent for analysis, that acuteness of 
observation, which were to conduct him to the 
most splendid discoveries; that sound log^c^ 
which admitting only the clearest premises, and 
the strictest conclusions, guarded him against 
the fallacies of hypothesis, and the illusions of 
self-love, and the imagination. 

# 

• By this time, his reputation began to fill a 
larger sphere; his correspondence was every 
where courted; and the school, in which he 
had learnt the first elements of science, eagerly 
appointed him to teach pliilosopy and the bellesf 
'tettres. Spallanzani was only twenty-six years 
pf age, when he was elected Profb^or at Reggio, 
where he laid the foundation of the majestic 
edifice of his glory. That city can l>oast of 
being the first which enjoyed the presence of a 
philosopheri, who nmst be ranked amidst the 

greatest 
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si-eatest of those that have done honour to the 

Italian name. 

. . • 

We shall hofw proceed to trace tte difierent 
epochs of his literary life. By turns a clieniisti/ 
aa experimental philo^pher, a physiolqgist, a^ 
naturalist, and a man of litera^ture, we shall 
find him in every character a profound genius, 
an ahle observer, a close reasoner, an eloquent^ 
writer, and an accon^plished authon 

§ It 

Salvini's translation of Homer has been re- 
garcl^ as one of the best that has ever been pub* 
lished* It is, upon the whole, executed with 
fidelity and care; but on examining it with some 
attention, it will be found, that the translator 
may be accused of a variety of errors,* mis-inter- 
pretations, and omissions. * la* 

** At present, we very justly prefer the translation by 
the Abbe Cesarotti, professor of eloqtience, and the 
helUs lettres, in the university of Pavia. In the '^ No- 
tices litieraries sur Vltalie,* may be found some ac* 
count of the other writings of this poet^ who is but too 
little known in France. 

B 3 Spallanzani^ 
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Spallanzani, amidst the shady groves of the de- 
lightful villa of MontfalcoD, and remote from 
all philosophical speculations, traced, for the per« 
usal of Count Algarotti, the result of his obser- 
vations upon Homer, and frankly pointed out to 
him faults of the grossest description, which have 
been committed by the Florentine translator*. 
According to his opinion, Salvini enfeebles the 
energy of the Greek language, by too exuberant 
a diction ; occasionally misrepresents the senti- 
ment, making the poet say what he never 
meant; and totally misconceives the sense and 
signification of a very great number of expres- 
sions, hpallanzani justifies these several charges. 
He enters into the most curious details respect- 
ing the etymology of a variety of words, ascer- 
tiMning their real import, and restoring the true 
sense of the Greek text; and he discovers in liis 
native language expressions sufficiently bold and 
.energetic, to copy the splendid and glowing 
imagery of Homer, which is obscured or dis- 

^ Leltcre tre dell- Ab. Lazzarro Spallanzani, al sig. 
Comte Algarouij Reggio, Ist June^ 1761. These leu 
ters arc inserted in the 14th vol. of the new edition of 
i^Igarotti's works^ printed at Venice, inSvo. They have 
never^ so far as I know^ been published in any othec 
|hape. 

. figured 
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iigviretl by the Italian Poet He notices, \n a 
SBore particular manner, the famous description 
of that divine and mysterious cestus which Venus 
presented to the queen of the gods ; a description 
which the poets of all cations* have attempted 

to 

* The reader, perhaps^ wiU be gratified %y my sub- 
joining to the translation criticised by SpaHanzani, that of 
Pope and Cesarotti, and the imitation by Dmnoustier. 

And from her fragrant breast the zone, unbrac'd. 
With various skill and high embroid'ry grac-d. 
In this was ev'ry art, and eviy charm^ 
To win the wisest, and the coldest warn) ; 
Fond love, the gentle vow, the jgay desire, . 
ITie kind deceit, th.e adlil-reviving fire. 
Persuasive speech, and more persuasive sighs, 
Silence that spoke, and elociuence of ejes* 

Pope's Hemers Iliad, Lmk Jkiv. 

y £ si dicendo, 

Scioglie dal petto alabastiino il cinto, 
Cinto d* inenaixabile textiira^ 
Di portenti fecondo, alle sue £la 
Invisibili al guardo, erano intomp 
Quei susurrantl pechie ^ fiori estivi, 
Tutti i genj d* amore, i cari rezzi,, 
Gli acco];ti cciuil, il tenero sorrisQ 
E desio iutto foco, e la repulsa 
Dolse ritrosa che negando invita, 
£ silenzo che chiede, e il bel mistero 
iHolxlito in su le labbra, e la solve 

B 4 Sospiroselta 
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to translate, or to imitate, and of which Saltmi 
has doubtless succeeded in giving a version wor* 
thy of our highest praise. It is as follows : 

Sospirosetta, amabxle tristezz?^ 
£ i vaghi sdegni^ e le animate pacij 
£ i moUi scherzi, e volutte spiranti« 
Ebrezsa di delizie^ ilquantoal fine 
Fomia il senso ineffiibile per cui 
Delira il saggio e s 'incantcna il forte. 

Book XIV. p. 48, vol 2, Turin ediiion. ' 

On y voyait PAmonr conduit par TEsperancc, 
Les timides Aveux, la molle R^istance^ 
La Pudeur cnfantine et les jeunes Plaisirs 
Qui Aiyaient^ agagaient^ caressment les Desirs* 
Anpres d eux paraissaicnt la Voluptc, ses charmes^ 
Ses transports^ sa langueur, les yeux baignit de lannes^ 
La douce intimit6, les soupirs> les semaens, 
Les caprices suivis des raccommodemenB. 

But on the reverse of theeestus. 

La main des tristes £un)ibiides 

Avait tnic6 les noirs soupgons^ 

La haine, les baisers perfides^ 

Les vengeances, les trabisonsj 
Par de sombres detours la p»le Jalousie 

Sc trainant d'un pas chancelant, 
A TAmour infidcle airachait en trembhmt 

Le masque de THypocrisie 

LtiiffTS on U}fthokgy, fmi X page sa 

" Diasc; 
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^^ Disae; e dd petto sciolsc da belta punlo 

Cuojo^ ingegnoso floviato e vago; 

Ov' lavorati son tutti i suoi vezzi^ 

E I' attralive tutte e leggiadre j 

Ove e r amore^ il genio, il favello. 

La Consolazione colla Carezza. 

Che ruba il senno ai savj ancor pii!i grandi.*' 

May we not, however, be permitted to ask, 
whether it be not inferior to the version of Boi- 
leau, and whether Jupiter would not have prefer- 
red to see the immortal goddess in her French 
garb. 

" Apri^ces mots Venus detacha sa ceinture, 
Ouvrage industrieux, rare et belle parure. 
Oil brillaient k Tenvi les plutchamians attroits^ 
L'amour^ les doux desirs, Ics entretiens secrets^ 
Les discoiirs decevans, le doux et feint langage. 
Qui derobe souvent le cceur m^me au plus sage/' 

It would be superfluous to follow Spallanzani 
any faitlier, at present, in his judicious critique 
upon Salvini's translation of Homer. In criti- 
cising that performance, he does not ^sume 
the tone of the haughty rhetorician, or the pe^ 
dantic grammarian. The most varied erudition 
is, in every page of it, accompanied with the 
most correct judgment. He exhibits, through^ 

out 
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<out the Tvliole, a profound knowledge of the 
Greek language; and, \\4iile in some parts, he 
indulges in all the ingenious subtleties of criti- 
cism, in other-j he collates apd coAiparc3, in a 
manner at once interesting and acute, different 
passages of the Iliad, as they have been imitated, 
translated, or coinniented upon, by the bard of 
Mantua, the poet of Arc^o, and the author* of 
the 'Art of Poetry.' 

^ III. 

The origin of fountains is certainly one of the 
most wonderful arcana of nature. If tlve sight 
of water bursting from a rock, or rising in the 
midst of a plain, does not strike us with asto- 
nishment, it is because wc have been always ac- 
customed to see it, and because familiarity 
stamps a mark of indifference on objects the 
most entitled to our admiration. 

Tlie primitive origin of fountains, however, 
has long been a subject of disputation. The 
antients had recourse to a mysterious cause. A 
plaintive Naid was supposed to shed, amidst the 
recesses of the forests, a torrent of tears, which 
refreshed the parchftl ground, fertilized the mca- 
(io\^'^ apd flowed aloiig iu a tiiniU rivulet, or a 

raging 



OF SPALLAKZANI. 11 

raging current. On the other hand, some of the 
modems have supposed that the waters of the sea 
circulate in the bowels of the earth, and that 
springs are so niany canals or syphons by whicli 
they find their way to its surface. But this opir 
nion, founded on a 'particular religious creed, 
and strongly supported by the enthusiastic sect 
of Cartesians, vanished before tfce cool reason- 
ing of the philosophers of the last century. 
The general opinion of the present age is, that 
the vapours which are incessantly exhaled from 
the surface of the earth, being condensed in the 
higher regions of the atmosphere, fall upon the 
summits of the mountains, filtrate through the 
minute crevices, and on meeting with substances 
which oppose their further descent, escape to the 
surface through the fissures which afford the ea- 
siest declivities, and thus become the origin and 
source of fountains* 

Spallanzani, in his occasional excursions to the 
Appenine mountains*, had the satisfaction of, 
in some measure, surprising nature in the primi- 
tive formation of fountains. He observed that 

P Dcscrizione d un yiaggo montane, con osscrvazioni 
$uir origine delle fontane, letlerc due al ValHsnieri figliq 
1762— Racolta d'opusculi scientific!, torn xiv* 

they 
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they were more or less numerous and- abundant, 
according to the direction of the mountains, 
their stiucture, and, particularly the facility 
which they presented of converting the suspend- 
ed vapours into water, and their disposition to 
collect and transmit it through the lateral orifi- 
ces, which were invariably below the level of the 
tops of the nearistor adjacent mountains. 

Is the rebounding of a stone, when flung ob- 
liquely upon the surface of a lake or river, to be 
attributed to the elasticity of the water ? This is 
the opinion which generally prevaik; but SpaJ- 
lauzani, from the result of a very ingenious pro- 
cess, of reasoning and calculation^, ascribes the 
effect to a necessary change in its line of direc- 
tion, produced by the cavity which it forms on 
toucliing the water; and he accounts for the re- 
petition of the rebounds, as loQg as the original 
projectile force continues, from the smalln?ss 
of the angle, of projection, which is occasioned 
by each successive cavity. 

^De lapidibus ab aqua resiiicntibus ditaertatio, 19rao. 
1766. 

This dissertation, which was dedicated to Laura 
Bftsaa^ may likewise be found in the collection mentioned 
in the preceding note, 

Spallanzani 
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SpallaDzani held his professorship in the College 
()f Reggio, for six years. It was in that city that 
he fonncd the first presentiment of the celebrity 
which he should, one day, attain as a Naturalist. 
The microscope was the instrument of his first 
experiments, which were employed in elucidating 
the histoiy of the anbnakiUa wJusot'U^^ and at 
once, displayed a mind observing, acute, correct^ 
and capable of the most sublime researches. Hia 
fame was soon wafted across the Alps ; and his 
name was mentioned with honour on the banks 
of the Po, the Thames, the Tagus, and the Vol- 
ga. Difierent universities, both at home and 
abroad, courted the presence of a man, who 
commenced his literary career under such bril- 
liant auspices. Those of Coimbre, Parma, Cc- 

* Though Spallanzani did not publish his first Esssy 
on the Animalcules of infusion^ until after his removal to 
Pavia^ it appears from a letter of Needhaoi's to Chariea 
Bonnet, that he had prepared the materials for h^ before 
he left Reggio. I make this remark, because several au- 
thors have attempted to ascribe to themselves a number 
of discoveries which Spallanzani had communicated in 
his lectures at Reggio, long before their works were pub«- 
lisbed. 

sena. 
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Sena, Modena, and Petersbuigh, made him ofteti 
of the most honourable and advantageous na* 
ture. He gave a preference to Modena, because 
he, there, had an opportunity of enjoyiftg the 
intercourse of his relations. He was, at tliid 
time, in the thirty-third year of his age* 

Vegetables fe*produce their st^ms, which shoot 
forth, encrease, and bear blossoms, leaves, and 
fruit. Is an animal^ in like manner, endowed 
with the power of regenerating the organs of 
which it may have been deprived ? Do the n ew 
organs present the same structure with those 
which they succeed? and are they capable of per* 
forming the same functions ? This is, doubtless^ 
one of the most interesting subjects of enquiry 
within the province of natural history; audit 
has, accordingly, attracted the attention of seve- 
ral phpiologists. Yet, from the want of a suf- 
ficient number of observations and experiments,' 
the theory of animal reproductions was still in 4 
very obscure state. Some denied the existence 
of a regenerative power, or admitted only the re- 
production of inorganic parts, produced by the 
passive operation of extravasatcd matter, with- 
out any regular and definite structure;- and 

otheiv 
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Others alleged, that the example of a few animals 
of the most simple organization, was not suffi- 
cient to resolve a problem of a nature so com- 
plicated and extensive. 

It must, indeed, be admitted, that the rege- 
neration of the Polypus, and a few small insects, 
cannot establish a general and common law 
with respect to all animals; but if such as are 
furnished with nerves, fibres, blood-vessels, a 
heart, stomach, and brain, are found to possess the 
faculty of reproducing different organs, we must 
abandon ourseh'es to the most ridiculous scepti- 
cism, or give our assent to a regenerative power, 
whatever questions may arise as to its mode, its " 
essence, and its means. No one has treated the 
subject of animal reproductions in a manner so , 
varied and original as professor Spallanzani*. 

• 

* Prodramo sopra le riproduzioni animalij in 8vo. 
Modena, 1768. Thisliule piece, which has been trans- 
Jated into English, French, and German, is nothing 
more than an outline of a large work which Spallanzani 
intended to give the world, upon animal reproductions. 
But though he repeatedly signified this intention, the 
work never was published. I one day asked the reason 
6f this delay; he replied, that the details and elucida- 
tions given by his friend Bonnet had superseded the uti* 
Ihy of his work. 

lie 
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He confirmed the multiplied regeneration of the 
polypus and the common earth-worm ; and dis^ 
covered that ^le fresh- water worm reproduces 
itself ad infinitum; each part, into however many 
it may be divided, becoming a complete animal 
of its species. Several aniiqals of a superior me** 
chanism afforded results no less surprizing* 
Toads, of different kinds, recovered their paws» 
lizards their tails, the water snail its horns, and 
the land snail almost all its members. Our au* 
thor had even asserted that the latter reproduced 
its head ; but later and more correct researches 
have shown tliat the brain of the land-snail is 
not situated in the part which was amputated* 
The experiment, however, is not the less won* 
derful. If it does not prove the renovation of a 
head, it presents, at least, the regeneration of a 
member furnished with a very complicated or- 
ganic apparatus*. 

Every 

* Spallanzani strongly mainuined the reprodaction 
9f the head of land-snails* In awell-wriUeQ paper> in- 
serted in the translations of the Italian Academy ofVe^ 
rona — Rcsultaii disperienze sapra la riproduxiimi deltg 
testa nelle lumache ierresiri. Vol. i. \JS% and vol; ii« 
1784. He re-conndert hi:; experiment on the subject, and 
adds several new hci9 and details. He quotes, likewise, 
at considerable kngtb^ those writers who supported oc 

contradicted 



Every oiie must* have heard of the wonderful 
powers which are attributed to the Salamander. 
A subtle, but mortal, poison was supposed to 
Sow in its veins, abd it could live and multiply 
in the midst of the flames, which were Tegardiol 
as its natural element* Sound philosophy has 
banished all these chpimeras, and demonstrated 
the fysebood of so many supposed properties. ^ ; 

. - . • • « 

Though despoiled, however, of its imaginary 
prerogatives, the Salamander is still an object 
worthy of our admiration. Not onlyxloes it re* 
no;vHte its jaws, tail, legs, Scd but it even reco^ 
vers an these members, after repeated amputa^ 
tions, so that, cutting off its extremities in suc*- 
cession,' it will be found, that, in the space of 
two months, no less than ninety-nine bones 
have been completely re'-prodoced. 

contndicted his opinion. Among the former the most 
distinguished were Turgot^ Lavoisiec, Tenon^ Herissant^ 
Bonnet, Stncbier, SchcfFeer^ Miller Roos, and Troile } 
among the latter^ Murray^ 'Wastel) Cotte, Bomatej 
Adanson, Scbroeter^ Argenville, and Presciani. The 
latter shewed that Spallanzani bad amputated a part vtry 
different from the brain. I have seen the anatomical 
preparation from iMiichhe drew up his paper: it is de* 
posited in the physiological cabins of the university of 
Pavia, which, in a great measure, owed its formation to 
the talepts and interest of this celebrated physiologiist. 

' ■ c § VI. The 
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§ VI. 



The astonishtnent excited by his researehcSf 
relative to animal re-produCtions, had not yet 
subsided, wlieii Spallatizaiii published a biiiall 
tract on the circulation of ihe bloml*. This 
performance .was dedicated to llaller, ai^ the 
tVuir of a studious perusal of his immortal pro- 
ductions ielritivc to that important function. 
. ■ . i . ■ . 

The Salamanders becajiie the victims of hh 
relentless curioNity. Spallanzari (nut dvcw them 
trou) the happy obscurity they had, hitheito, en- 
joyed, and communicated to them a share of the 
.celebrity, which seemed exclusively appropriated 
:l.o the JTOfT.s. The Salamanders have a great 
number of vessels; they are very transparent; 
and it is ea^y to prepare them, and to observe the 
]>hmomcna which they exhibit. 

The piinripal object of the professor's re- 
iscar*.he.s was tu ascertaili tlie action of the heart 
upon the arteries and veins, and the relati\cvc- 

•'■ ZX7/* aziune del vruore nv' vmi saiii^iiigni, nuorc 
osscrvazionidvU' Alatte Spallanzaui, ProJ\ di rUosiJUy 
mdr Wniversila di Modvna, See. ia S\u. l/Gs. 

locitv 
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locity of the blood in the larger,, mjddle-sizcd, 
and small vessels. His observations are ;not 
always in unison w;th the gen^i^^ opuaion : so^e 
of them entirely overturn several pf the,, fact^ 
advanced by the, physiologist of. Berne. ..Hpij^ 
many are there who would Jiave severjely retali- 
ated for this contradiction ? so tremendpgis, soii)e- 
timesy Is the indignation of Pl^ilosophers f But 
Spallanzaui had taken an oath of allegiance to 
Nature and to Truth; and, besides, lus opponei^t 
was one of the mildest, kindest, least envious, 
and best informed of mankind : — ^this opponent 
was Haller. 

^ VII. 

The art of making experiments, consists not 
in merely collecting, arranging, and classifying 
facts. It is, previously, necessary to conceive 
the processes which are to determine the success 
of the experiments, and to ascertain the. path by 
which nature is most accessible. Above all, this 
art requires an ardent love of truth, the abandon- 
ment of the most favourite opinipns, a mind un- 
shackled by systems or prejudices, and an under- 
standing capable of the most oool and rigorous 
reasoning; otherwise, it becomes a teeming 
source of errors, which are the more dangerous^ 
as they are so well calculated to gain belief^ and 

c s sp 
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SO very iJifficiilt df refutation. Spallan2ani wa» 
not deficidit ' in any 6f the qualifications reqni- 
siie for dfsdovering the secrets of nature, by 
nVeans of the aft of experiment ; but he possess- 
ed an irtiagination so active and fertile^ that it 
was fmjjossible f6r him to execute all the project* 
which it ^ggested. Many of them, he merely 
noted in his journal, in the expectatioii that they 
might be fortunately realized at a future oi>por- 
tunity. It was, doubtless, as much from his 
o\vn want of leisure, as from a zeal for the ad- 
\'ancement of natural history, that he was in- 
duced to publish a scries of experiments to be 
made on the generation of»mules in the class of 
insects*. But I have not yet heard of any one 
attempting to profit by this simple and \vell di- 
gested plan ; though it would, certainly, throw 
some light ttpon one of those functions witb 
which we are least acquainted, the fecundatioa 
of animated beings, 

§ viir. 

Spallanzaui, for some time before this pe- 
riod) carried on a regular correspondence with 

* Invito a intra prendere sperlenze onde a vere fnu- 
Ictti nel popolo degli inseUi per tentar di sciogliere il 
^rafi* problemadella gtnerdzione, in 8vo» Modcna, 17tJ8» 

Charles 
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Charles Bonnet Tliey mutuaUy communicated 
to each other their labours aod discoveries,; 
and neither of them published any thing withr 
out previously consulting the other. It would 
be difficult to select, in the whole course of 

m 

epistolary history, two philosoptiers whp maiQr 
taiaed, on both sides, a morc intimate^ active^ 
and unreserved . intercourse. It was as much^ 
perhaps, from a principle of gratitude as af 
friendship, that the professor of Modena trans- 
lated into Italian the celebrated contemplations 
of the naturalist of Geneva* ; and the number 
of valuable notes with whi^h he enriched it* 
have contributed not a little to the sale of the 
work. It has, already, gone through fifteen 
editions. . 

§ IX. . 

The University of Paviaf, towards the mid- 
dle of this century, presented nothing but the 

c 3 remembranoe 

• Contemplazioni della natura del Signor Borvhei 
trad, dal Francese cm note. Modena 1769* S vols. 
in 8vo. 

t Pavia^ anciendy a Roman municipal city^ was the 
itsidence of several emperors^ and of almost all the kings 
9f the I^mbards, Pillaged and sacked^ every time i^ 

c a territory 
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feinehibraticc of the celebrated men v ho had 
once been its pffofessors. It had neither libran% 
experimental apparatus, museum, cabinet of 

anatomy, 

territory becaifte the theatre of war, it now presents only 
the dismal remains of a once flourishing city; houses in 
ruins^ streets deserted, ramparts demolished, tottering 
towers, a scanty populaiion, and an atmosphere loaded 
with mephitic exhalations. Every thbg in tliis city is a 
source of melancholy reflection to the feeling traveller. 
It is the inhabitant only who beholds its ruins with in- 
difference 3 the past grandeur of his country excites no 
interest in his mind; it is effaced from his remembrance. 
He sees only its present misfortunes, without making an 
effort to repair them, or to prevent the arrival of still 
greater calamities. He drags out a monotonous life of 
indolence; and the only thing of which he boasts is the 
university, which is, beyond doubt, the most renowned 
in Italy. Yet the Ticino washes the walls of Pavia; it is 
navigable as far as the inounUins of Switzerland ; it falls 
into the Po, at twp or three miles distance from the ci- 
ty} and the Po flows through the whole course of Lom« 
bardv, from the French Alps to the Adriatic sea. There 
arc few cities in the interior of Italy so comniodlously 

^ituatjLrd for the establishment of manufactures and ccn- 

* . "* ' 

iral warehouses. But it must he admitted, that the coi^- 

currente of more fortunate circumstances, some encou- 
ragement from the trdvt-rimieftt, and 'particularly a little 
more activity find induMry on the part of the good peo- 
ple who inhabit it, will be neccssar\' to the accomplish- 
ment 
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anatomy, nor botanic garden. Every brancli of 
leaiiiiug was reduced to the most deplorable lan- 
guor. History will record the efforts made by a 
philosophical queen*, to restore that illustrious 
school to its former splendorf. Under her pa- 

tron^ige, 

mcnt of these objects. Let them begin, in the firit 
place, with draining their marshes, those sinks of cor- 
ruption and death; and this they can effect the more ea- 
sily, as it will require but very little tinjc and expence 
to make cuts from them to the rapid streams in the vici- 
nity. The annual mortality at Pavia is one in twenty- 
seven ; or more correctly speaking, the number of tlM)se 
who die in one year is to that of the survivor as 1 to 27 
11^. The mortality at Mantua is still greater ; for there 
it is as 1 to 19 ;7-^. At Milan the proportion hctwecn 
the dead and living is as 1 to 31 , See an excellent me- 
moir by Fontana, entitled,—** Dissertazione di aritme- 
tica political sopra il modo di calcola^re la v'Uu medial 
dell* uomo esopru tvrroredegli scrittori d^aritmetna pu- 
liticcuf e di qualche geometra di canfondere la vita media 
colla vita futiira prolahilc.** Milan, 1708, in 12nio. 

. isOTlCES LITTERAIKES SUH I-'ItALI», 

* The Empress, Marlci Theresa, , . . :, 

t + Among the professors who have dflfne most honour 
to the old school of Pavia, isGftspard Ai^elh, who'l v^^t 
anatomy there towards tlic beginning of the* sixteenth 
century*.!. He discovered 'the lacteal voiiisj which forpi 
ppe of ithc principal divisions of the lymphatic svs- 

9 \ teiu. 
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tronage, the University of Pavia had soon to 
boast of including among Its professors, men 
of the most distinguished attainments^ in phy« 
sics, mathematics^ medicine^ &c. a Bpscovicbt 
Gregory, Fontana, Burserius, and Moscati. Spsi^ 
knzani was invited to it, in the year 1 770, to 
give lectures in Natural History. A few years 
before, he refused a similar situation, >vhich be- 
came vacant in the University of f^adua, by the 
d^ath of the younger Vcdlisnieri. 

Here commence^ the most splendid period of 
^he life of Spallauzani. Appearing on one of 
the most conspicuous stages, we shall behold him 
actipg a distinguished part among the most ce^ 
lebrated performers, and eyen soon surpassing 
his illustrious competitors. 

Having engaged to te^ch a science which he 
had studied without a master, and only as he 

tun. At the time when he was employed in describing 
them, he little thought that the finest preparations of 
these ves^Is would one day be made in the same place. 
The drawings which decorate his work^ can now serve 
phiy to shew the progress of the art of anatomical design ; 
and in this way, it is jcurious to compare them with the 
plates given by the inmiortal professor of Sienna. 

Not. LiTT. sur i»'Itax.xb. 

found 



llound himself disposed to it at his moments of 
leisure, it is curious ta enquire what model he 
had selected for the guidance of his lectures and 
researches, This question is sufficiently an- 
swered hy himself, in the eloquent discourse 
which he pronounced on the day of his inaugu- 
ration. 

*' Cumulatissima sunt promerlta utrique gallo 
(Reaumur et Buffon) communia; sed unius opi- 
niones et cogitata severiore alterius temperantur 
judicio. Ambo, 91 ingenii fertilitatem consideres, 
e6 amplitudinis etexceltentia? ^ervenerunt, ut in 
florentissimo hoc sseculo, in tanti naturse mves- 
tigatorum ubertate vix aliquos habeant pares, 
superiorem certe neminem. Ambo in e& natu- 
ralis scientist provinci^, quarb pertractandam ag^ 
gressi sunt, omnium expectationem vicerunt, 
ille quidem animalium niinorum, hie grandio- 
rum r^num aetemitad commendans. Ambo ve^ 
luti ^ ccdo delapsi, rebus pridem involutis, per- 
turbatis, diiiicillibus perspicuitatem indiderunt, 
ordinem, iacilitatem, Sed observandi artificits 
instructior Reaumurius, si^Uatim phcenomenu 
perlustratur,. iente expedit, prudenter ctoiparat, 
oUaque ex aliis coUigens, abditas rerum causas, 
nee ita infrequenter, felicissime evolvit Vivi- 
djore Bu^bnius imaginandi vi.prseditus, rerum 

perscrqtandartim 
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grand problem of nutrition. Whence proceeds 
this striking contrast ra the progress of the mci 
dical sciences, between the ancients and the 
moderns? May we not justly attribute it to their 
different metliod of studying nature? The 
former confined tltemselves entirely to observa- 
tion, the surest means of acquiring a knowledge 
of (h'seases ; the latter are principally guided by 
experiment,, on which is partly founded the 
doctrine of the functions of the living system. 
Observation puts: us in possession of those sensi* 
ble effects and phenomena which discover then)- 
selves in a spontaneous manner: it is the mirror 
in which the rays reflected from the surface of 
objects are concentred in a focus. Experi- 
ment, on the contrary, explores the interior of 
bodies, and, disregarding their superficial ap- 
pearances, penetrates their most hidden recesses. 
Tl^e one studies the la>vs, the relation, and tho 
action of elementary principles; the other in- 
vestigates their nature and composition, Tran^* 
qui 1 and calm, that attentively watches; more 
active and adventurous, this agitates, discora^ 
pobcs, and destroys. Simple^ and unbiassed by 
any paiticular object, observation faithfully re- 
cprds every thing that appears, the most simple, 
(IS well us the most complicated facts. Haughty 
juid systematic, cxpeiimcut oftea turns her atten- 

tioa 



tion to facts only of the most singular kind, and 
collects those only which accord with a theoty 
already conceived and deterniine<l. Observ^a- 
tion, without experiment, left the ancients in 
the dark, as to real causes ; experiment, without 
obser^^ation* too frequently prevents the ntodems 
from attaining a complete knowledge of facts, 
their order, and mutual dependence. But both 
of them fortunately conjoined, were the guides 
whom Spallanzani followed in a multiplicity of 
important researches, among which, tlwse that 
relate to the circulation of the blood, hold the 
inost distinguished place. 

It is well known that the author of this disco- 
very did not enjoy the satisfaction of seeing^ 
with'bis own eyes, the circulation of the blood. 
It was reserved for Malpighi to \ye the first to 
enjoy this magnificent sight, and for Spallanzani, 
next after Haller, to discover some of the most 
curious laws respecting the motion x)f the bloody 
Its causes and effects *. 

His work upon this subject being but little 
known in France^ it may not be uninteresting 

* iDe^Jenomewi Mta drcotaziom osservata nel gir9> 

to 
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perceptible, except ^hen the circuktion is not 
disturbed by any extraneous cause. 

S. The arteries are transformed into' veins ra 
various ways. Some of them, in becoming veins* 
bend back their course immediately to^vards the 
heart ; others, previously, form a thousand 
doublings and windings. While one anastomoses 
directly with a vein ; another communicates with 
it only through ^n intermediate tissue. Here an 
artery branches into a variety of veins; and 
there a number of arteries unite in a single vein. 
The number of globules which pass from an 
artery into a vein, corresponds in general to the 
irapacity of the canaL 

' 4. It was farther supposed, though more from 
theoretic reasoning than observation, that the 
venous blood accelerates its motion as it Ap- 
proaches the heart. Haller could easily observe 
that the blood circulated in the trunk of a vein 
with greater rapidity than in the branches which 
open into it But a single fact was not sufficient 
to establish a general law. — Spallanzani ma<le a 
great number of experiments upon this subject. 
On a careful examination of several veins 
throughout the whole of their course, he per- 
ceived that the circulation increases in propor- 

tipn 
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Iton as the venous vessels enlarge their diame- 
ters, admit a gi^ater quantity of blood, and more 
nearly approach the heart. The result of his en- 
quiries into the ra^tiq of this velocity, was that 
in the large vessels it scarcely exceeds by one 
third that of the smallest 

5. When two veins of Unequal diameters 
9na$tottiose with ^ch other, the current of the 
Urger strongly opposes the influx of the blood 
from the smaller. Nature, accprdingly^ seldom 
fpnns a communicatiion between v^ins of a very 
dispropcMTtionate size; the smaU ramifications 
which tend towards the same tf ujak^ previously, 
receive auxiliary branches whieh aijigi;nent their, 
diameter, so as to render it gradually equal to 
that of the trunki and> thus, to remove every 
ohstacjle to the pass^e of the l^ood. — Such was. 
tjie theory of Hallen But thii; tlieory is contia^ 
dieted by the experiments of Sf^aUanzaui, wh<^ 
asserts that the blood passes without impediment 
or delayi from the smallest into the largest veins, 
whatev^ be the angle which the branch forms 
^ith the trunk. The same phe;nomenon is oh* 
sewable in almost all the vessels^ and the law of 
Ualler is, at most; nothing more than an ex«* 

cq>tipn» 
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6. Docs the momentum of the blood depend 
entirely on the action of the heart ? Such was the 
Professor's opinion, of the truth of which he wad 
so firmly convinced himself, that he conceived 
he should convert the most incredulous of his 
readers. — It is certainly a matter of surprize that 
he, who had so often seen the blood circulate, 
with rapidity and regularity, in vessels separated 
from the heart by ligature or division ; who had 
ascertained the existence of a distinct action in 
the arteries and veins; who attacked with so 
much force of jreasoning, the too general theory 
of Harvey ;^ and who combated, by the most di- 
rect arguments^ the doctrines of the Mtcliam-' 
dam — should, yet, have adopted an opinion sa 
favourable to their hjrpothesis, so contrary to the* 
result of his own experiments, and even so oppo-- 
site to the title of one of his dissertations-—* 
•* The motion of the bloody independent of th§i 
4ictidn of the heart.'* 

7. The veins are more numerous than the ar- 
teries ; they are larger in diameter, and the im- 
pulse of the heart operates upon them; only in 
an mdirect manner. Yet, Spallanzani assures ns, 
that the blood circulates with the same velocity 
in the veins and arteries, whatever Ik* their dia- 
meter, length, and distance from the heart. 

It 



tt ts^ hoWevefy neces^aiy^ he observtSi that our 
iBfttimatie be made from the correspondent arteries 
and veins ; for, if We compare those which belong 
to different orga^, we ^all find a considerable 
variatioti in the course of the blood; thus it 
flows more rapidly in the pulmonary vessek, than 
in those of the niesenteiy, &:c^ 

8. Hall(?r is the only physlplogist who haa 
(tolkcted the various phenomena i3f languid cir« 
culation ; that is, when it is on the point of en* 
tirely ceasing. From being, at first, strong and 
fapid) acconling to his account, it suddenly di^^ 
minishes its velocity, becomes irregular^ makes 
a retrograde movement, dsiliates^ ' and finally 
stops altogether ; — Spallansani, however, asserts, 
that all these irregularities proceed from the 
mode of experiment adopted by Haller; that the 
blood is sensibly diminished in velocity, at the 
commencement, tlien abates its current by little 
and little, and, at last, becomes stationary in a 
gradual and insensible manner, without ever ex« 
hiUtii]^, in a natural state, any oscillation, or 
letrograde movement** 

9. On 

, * I regard this pathological phenoihenon^ namely tb« 
ittiograde> oscillatory^ or intermittent motion of th4 

o 9 blood. 
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9. On op^iing an artery, or a vehi) the hhod 
contained in it instantly forms a double corrent^ 
which diFeots itsdif toivards tlie oriiice^ Tl^ 
upper cuivent onakes a retrc^piade movement^ 
the lower on^ ascends; and boftk,. : redoubUng 
their velocity, escape through the opening that 
has been made. This discovery, for which we 
are indebted to Bellini, was varied by the Pro- 
fenor, in a thousand ways, by experitnMts on 
vessds of diflferent sizes, of unequal velocity, and 
nsore or.iess distant frohi the heart In all theao 
the resuh was uniformly tlie saaie. What is the 
cause t>f this accelerated motion and doublQ 
current ? Hadler, at first, attributed tliem to the 
attraction of the globules; but, on more mature 
consideration, he admitted an invisible contrae* 
tion in the coats of tl>e vessels, which is, at pre* 
sent, the most general received opinion. It does 
not, however, ^ree with the researches of Spal* 
lanzani; but these are tiot sulficiently conclu* 
five to ^ect its complete refutation. 

- - » 

bloody Of an eSbrt of nature Mruggltng jagainil lltoobsU^ 
clcs which impede the exercise of her functioni. Ifm osb t 
were coiployed to produce and regulate this motion m 
certain chronic disorders, would they not be infinitely 
more efficacious and salutarj^. than the great vari^tj^of 
^rdtended alterative medicines now in use. 

• TO. lias 



10* Has the gravity of tbeUoodany influ- 
ence on its circulation ? Does it accelerate tbe^ 

• 

circulation by acting from above downwards, or^ 
retard it by acting in a contrary direction ? Tlie 
gravity of the blood has a manifet influence on 
the large and middle sized vessels. When it- 
operates in he direction of the blood, it aug- 
ments its velocity; but diminishes it, on acting 
in the opposite way. The small vessels only are 
excluded from this law. 

11 • The original colour of the bloiod is red. 
The yellow and whitish shades, which it sotne^ 
times exhibits, are merely opticid illusions pro- 
duced by an imperfecc Hght 

« 

12. The globules f)f the blood float in an irivi- 
:5ible and elastic* fluid. Their figure is nearly 

i> 3 sphericalj 

* Spallanzan'rs eicp^rimentt mider very probable the 
teistence of this fluid| or daslic and invifliUe gas, and the 
additionel faets which 1 have stated in one of my notes^ 
eompletely establish it. The nature of this gas is stiH 
unknown; it were much to be wished that some chemist 
would tttkalyze it. A knowledge of its constituent prin- 
ciples would, I am apt to think, throw very considerable 
Hght oh some fftcts respecting respiration and sanguifica-» 
iiouy whteh are JMiH mvetved in obs^ty. Tbisj^ appetc^ 
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spherical, and they are elongated or compressed, 
'according to the diameter of the vessel through 
which they pass, 

13. Warm-blooded animals have, in the early 
^tage of life, a much greater quantity of globules, 
than the cold-blooded anjmals. But as the lattef 
grow in size, the number of globules encreases ; 
^ tha(, after a certain time, it i^ as considerable, 
aeieris paribusy in the one as in tl^e other class, 
— ^The vessels of a cold-blooded anintal are al- 
Trays sufficiently transparent to permit the mor 
tion of the blood to be seen t)) rough them; 
whereas thos^ of a warm^b|oode(l apimal are fur^ 
nished with coats so thick, and so little trauspa<t 
rent, that it is impossible to enjoy this spectacle 
but for a few days after birth. 

14. Cold-blooded animals sur\ive some days, 
ftfler the destruction of the heart and brain; 

4o me to be the cause of a great number of the pheno^ 
mena peculiar to the blood. Ought we not to abatq 
somewhat from the progressive or circulating motion of 
this fluidy and consequently frpm the general laws which 
have been thence deduced^ and take into accouqt t^ecz«^ 
pansion and rarefaction of the gas confificd in the veins 
ind arteries? I refer the reader, upoq this subj^t, to thq 
able enquiries of one of the best informed men in Jtal/j 
^ CbeyaUcr Jtosa) profe^r of medidne at I^oclfm, 

diey 
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they die sooner, however, when deprived of the 
former organ*. 

Spallanzani 

* 1 • It w a very great error to suppose that the power 
of animal sensibility is confined to the brain and spinal 
tnarrow. These parts, undoubtedly, form the central 
point of the nervous system; but it would be as absurd 
to regard them as the only seat of its functions, as it 
would be to place the circulation exclusively in the heart, 
digestion in the stomach, &c, &c« Besides, it is suffici- 
ently proved by the experiments of Galvani^ and particu- 
larly by those of the Newton of Electricity, Alexander 
Volta, that the nerves, when separated from the brain, 
retain the power of exercising the same functions as in 
their entire state. 

f . It b likewise an error^ and one of which the effects 
have been ver)' detrimental to the progress of physiology, 
to attribute to the nerves all the phenomena of vitality. 
The nervous system is, certainly, that which most de- 
serves to be distinguished by the denomination of the vi- 
tal system ; tha^t which possesses an action in some 
measure more independent, and, at the same time^ more 
generally connected with the different vi^ccra,^ than any 
other part of the animal economy ; that even which conv- 
municates to, and receives from them, the most powerful 
impressions ; but still it is very far from being the untvcr-^ 
«al proto^type of life, the absolute organ of animality. 

3. I am pretty strongly disposed to think that the san- 
guiferous System possesses the power of vitality, in a de« 

Q 4 jgrcft 
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Spallanzani did not confine his experiments ta 
one species of animals. On the contrary, he ex-* 

tended 

gree very little inferior to the nerves, — I. Lesions of the 
heart produce consequences equally fatal as those of the 
brain. Animals die sooner after the destruction of the 
first organ, than on being deprived of tlic second. — II. Thcf 
compression or division of a vein, and especially of an 
artery, produce the same efl'ccts as those of a nerve ; viz, 
palsy, atrophy, 2tc. — III. The injecting of a fluid into a 
blood vessel, or rather its commixture with the blood, oc- 
casions subsulttcs tendinum^ convulsions, in a word, a 
variety of phenomena similar to those produced by the 
pricking of a nerve. — IV. The properties of vigour, 
strength, and health, are in proportion to the evolution of 
the sanguiferous system, the concomitant of vigorous 
and robust constitutions, at the age of manhood.—- 
V. The nervous power has not so great an influence on 
the circulation as is commonly conceived : it can, how- 
ever, disturb, accelerate, or retard, the motion of the 
blood. Bui the vascular, in its turn, exercises the most 
powerful action on the nervous system ; even inducing, 
in seme cases, (as in a state of letharg}*,) the almost 
total suspension of its energy. Besides, such is the 
influence of the heart on the brain, that its distance 
from, or nearness to that organ, is in some measure deci- 
sive of the sagacity and activity of animals ; thus they 
arc found to be more stupid, and limited in their facul- 
ties, in proportion to the length of the neck ; anJ^ 
consequently, the distance of the heart from the brain, 
and vice versa. This law seems applicable .even to the 
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tended them to salamanders, tadpoles, acquatic 
^od land frogs^ and to grey and greeu coloured 

buman species. It seldom happens that persons whose 
^rait and lengthened chest sustains a long slender neck, 
are celebrated for scientific attamments ; at leasts it ma^ 
safely be asserted^ that the most distinguished men of sci^ 
ence hav^, in general, very short necks, at\d that their 
heads alniost touch their shoulders; in consequence of 
this circumstance, they ordinarily die of apoplexy.-^ 

VI, In considering the scale ofanimated beings, the vas- 
cular s\'stem claims a prior regard to that of the ner\'e8, 
jind comes immediately after the digestive organs. — 

VII. tlie lierves, 'by meani of thdr infinite rainifica- 
tions, maintain the most intimate connexion vrith the 
different parts of the body : but the sanguiferous system, 
pomposed of a prodigious number of arteries and veins, 
has, likewise a very close relation with the various, or- 
gans, to which it supplies the matter necessar)' for in« 
creasing their mass, repairing their losses, 8tc. — ^VIIL 
The argument which makes most strongly for the nerves. 
Consists in the rapidity of their action — ^a rapidity whicti 
pearly equals that of lightning ; whereas the functidti'si 
pf the vascular system, being subordinate to the course 
of a fluid, the momentum and vebcity of which are in- 
jcessantly varied by a thousand obstacles, must be p6r- 
fonped in a very slow and progressive manner. 

The illustrations which I might give of these different 
propositions, would far exceed the limits' of a' note. I 
fhall, therefore, reserve them for a particular essay on the 
f^prpcal ik^tiop pf the organic systems, 

lizards^ 
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lizards. He likewise made some very important 
researches respecting the motion of the blood 
in the chick in ovo. Their importance is well 
known. We formerly could only apply to the 
circ^lajtion of warm blood animals, facts inferred 
from analogy in very many instances errone- 
ous. But we are now enabled to reason from 
positive and direct observations. We ought 
not, however, to disregard those which have 
been afforded us by cold-blooded animals, 
since the results of the experiments on the 
chick in ovo have not been vtry widely dif- 
ferent* 

t^'.S^Ianzani, in making his experiments, used 
the anatomical instrument of Lyonet. It pos- 
sesses this advantage over the ordinarj' micro* 
scope, that it shews the blood-vessels by a rcr 
fracted light, and very neai'ly in their natural 
situatiout 

The work which he published on this subject^ 
procured to the author the following very ho- 
nourable dedication: 

r Zik/utrissimo viro Lazzaro Spallanzaniy summ% 
mtitra in vnnitm ^t diffkillitmy inda^atori^ ait 

(JU4 
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fjus in verl finibus e:ftendendi9 nwita^ D. A /)• 

§ XI. 

The microscope has opened a new world to 
mt view. Seen through it, fluids of every kind 
ore found teeming with thousands of corpuscules^ 
which are all in motion^ darting backwards and 
forwards, and whirling round in all directions 
What is the nature of these corpuscules? Are 
they the elements of decomposed matter? Do 
they constitute the integrant bases of bodies? 
Are we to regard them as inert and passive par- 
ticles, consisting of earthy, saline and metallio 
principles, which float at random, and attach 
themselves to those substances with which they 
have the strongest affinity? Shall we find in 
these corpuscules the subtle matter of Descartes, 
or the monades of Leibnitz? Or ought we, r^* 
ther to rank them among beings endowed with 
inherent activity, spontaneous motion and vita^ 
lity ? If we admit them to this rank, do they 
possess a peculiar organization and characteristio 
ysages and habits? Do they form a distinct 
p}as8 of animals? or are we to consider them aa 
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exhibiting ,thc earliest stage, the primitive in- 
fancy, of iiidividuals belonging to species aU 
ready known, and as indicating in their various 
appearances and movements, tlie future propen- 
sities, character, form and cori>oreal powers, of 
thes? different individuals? All th^se opinions 
have, 'm their turn, been advanced, maintained, 
fnid combated* 

Buifon assigns to the infusory corpuscules, 
nothing more thaa an inert and passiive 9)ove? 
xnent He does not perceive ia them any con* 
stant fotm, or determinate organization. The 
parts of which they seem to consist, are, in his 
opinion, the effect of optical illusion : in shor^ 
these supposed animals, he conceives to be merf 
* organic molecular, or the constituent principles 
jf bodie$^|Subordiaate to the law of a force which 
acts upon every particle of matter; an interior 
moyld which determines their figure, relative 
properties, quantity, distance, bulk, and mass. 
This system is strongly maintained by an £ngr 
licth naturalist, who supports it with a very ape* 
cious train, of microscopic experiments. He exr 
plodes, however, ike vague an4 insignifkan^ 
expression of interior viontd, and substitutes 
that of vegetutiiffi Jhrct, But, jf these atoms, 
or moleculce discover characteristic marks of an 
'^ • ' 2 active 



Dctivl^ and uniform vitality, and are connected 
with animals by the possession of similar )Mro{)er* 
ties, can we refuse then) a place in the immense 
series of living beings*? Do not the experi- 
ments of Spallanzuni prove the existence of 
those characteristic marks, and those properties? 
And do Uiey not establish, in an. incontestiblc 
manner, the animality of the coipuscules of in- 
fusion ? Let us take a brief view of his experi^ 
meuts, upon this subject 

^ Opuscoli dijmca animale e vegetnlilef am due Ut^ 
ieredel'Sig. Bonnet. Modena, 1776^ 3 vol. in 8vu* 

The first vplame of this work is merely an enlargement 
of an essay which Spallanizani published in 1767, under. 
Ae tide of ** Saggio di osservazumi microscopkke, r^- 
lative al sisiema della generazianey d' sig. Neidkam et 
Buffon, &c." Spallanzani must, therefore, have turned 
his attention to the amaialcula infusoria long before 
the publication of his opuscules or even bis essay, as I 
have already observed^ in the note page i3, on the autho- 
rity of a letter from t^eedham to Bonnett: and it was 
consequently unjust' to accuse him of merely copying 
Meyer's work upon the -animaleules of infusion. Thisr 
work appeared it is true, before the publication of the 
9piiSCHks>- but not until long after that of the essay^ Mrhich 
^ntlMnath^ general results of the Experiments, that aca 
defail^ i|nd repeated ia the former production^ 
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Motion. — The corpusctiles of infusion have ii9 
uniform and regular motion. Some mov^ iif 
an undulating manner, like eels; others bend and 
twist thenrselves in a thousand different ways. 
Some of them make their way with rapidity ; 
others more slowly : several spin briskly round 
their own centers ; numbers move by leaps, dart- 
ing in all directions, and describing in their 
Course, right lines, curves, circles, &c. and a few 
classes are seen in a middle state between mo* 
tion and rest In general, they pursue, fly from, 
each other ; suddenly change their course, and 
proceed in an opposite direction ; voluntarily, and 
without the smallest external shock, pass from a 
state of rest to a state of motion ; and are found 
to crowd most numerously to those parts wheie 
the liquid of infusion is most abundant. 

Organization. — ^They have fins, a mouth, a sto- 
mach and air-bladders; but they exhibit neither 
a heart nor blood vessels. Their forms are oval, 
loQg> globular, cruciform, and generally of the 
most fantastic and irregular appearance. 

Aliment. — ^They are camiverous, ferociou» 
and ravenous, eagerly dispute their prey witlf 
each other, and produce in the water a kind of 
whirlpool, which brings their food to their 

mouthty 



mouths. This generally consists of a weaker 
individual. The smaller are always the victims 
of the larger and stronger animals ; this is ar 
constant law of nature, and holds good in the 
microscope, cqi^ally with every pth^r depart^ 
ment of nature. 

Element — ^Water is their natural element; de* 
prived of it, they abate their activity, b«come' 
stationary, and perish. 

Ten^rature. — ^They perish in a heat of about 
33, 34, or 35 degrees; tadpoles, frogs and sa- 
lamanders cannot support a higher temperature. 
They are not all equally sensible to cold ; some of 
them perishing at the freezing point, and others 
at 5, 7i 9 degrees below it Insecta ard affected 
in a similar manner. 
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Odours. — Odours and liquors which are poi- 
sonous to insects, are equally fatal to the ani* 
malcules of infusion. They perish, when ex- 
posed to the exhalatipus of camphire, the smoke 
of turpentine; tobacco and. sulphur;, or when 
plunged into oily, saline and spirituous \x^\ 
quors. f » 

Eleciridty^ 
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Elcciricity. — ^Thc electrical spark is a thun* 
der-clap to the animalcules of infusion ; not oue 
<^ them survives the explosion. 

Air. — ^They perish in the vacuum of the air* 
pump; and all signs of life are suspended in 
air which they have breathed for a considerable 
time. What is the cause of their death in this 
case? It does not proceed from their irritability 
being weakened, nor from the diminished clas- 
ticity of the air : neither can it be attributed to 
the decomposition of their blood; for several 
animals have been found to live a pretty long 
time, after being entirely deprived of that fluid. 
Is there, at that moment, a new gas produced, 
which^ acting directly on thp nerves, induces 
those convulsions under which the animal ex- 
pires? Such was the opinion of our author, and 
it was not very far from the truth ; but the che- 
mistry of the time did not admit of a nearer 
approach to it*. 

Generation.''^ 

* All animals perish in air which 15 not. occasionally- 
renovated; there is po dinerence but in their dying more. 
or less suddenly. Until very lately, the most ridicnioui 
explanation was given of this fact. It was pretdnded/ 
that the. air losing its elasticity, and being then incapa- 
ble of re-acting upon the lungs, these organs collapse^ 

and 



feneration. — ^They multiply at all seasons; 
but they are produced in greater numbers, during 
the summer. Hqat forwards their reproduction; 
cold retards it ; a temperate state of the atmos- 
phere is the most favourable to their propaga- 
tion. They engender in various ways; but most 
frequently by division, longitudinal, transverse, 
cruciform, &c. The number of their young is 
not always alike* it rarely happens that many 
are brought forth at the same time; but their 
fecundity is, notwithstanding, prodigious, and 
the births succeed each other with inconceivable 
rapidity. Tlrcse are, sometimes, followed by 
death > which, indeed, always happens in t\\t 

and by that liieans suspend the circulatibn of the blood, . 
&c. At present^ this phenomenon is regarded as an un^ 
doubted chemical eflect. But should not the nervous re- 
action, which so manifestly discovers itself by the con- 
vulsions of the animals subjected to the experiment, be 
tonsidered as one of the primary causes of their death ? 
In an accurate physiological explanation, ought we not 
to combine this cause with.th^ change which takes 
place in the sanguineous fluid ? Are we not even com* 
pelted to admit this rc-action of the nerves, if it be true, 
as it most certainly is, that it proceeds from the direct 
and immediate excitement of deleterious gases, and that 
disorders of the nerves occasion death more suddenly 
than the decomposition of the blood and ^the other hu« 
mours ? 

E • case 
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case of multiplication by disruption, without 
leaving behind the smallest vestige of the pa- 
rent, whose organs are instantly changed into so 
many new animals. These are oviparous and vi- 
viparous animalcules: the carnivorous species be- 
long to the latter class ; their young may be ea- 
sily distinguished. How do they propagate? 
Ilavc thc>' genital parts? And do they copulate 
with each other? It does not appear that 
they do; they engender solitarily, one by one; 
and almost all of them are hermaphrodites. 

Kesurrcctioti, — The animalcules of infusion 
present us with a spectacle still more astonishing* 
Taken out of the element, which is natural and 
necessary to their existence, they perish, dry Hp^ 
lose every appearance of life,, and exhibit only an 
earthy, friable, passive, and inanimate particle of 
matter*. But the moment they are again put 

into 

* This state of death must not be confounded with the- 
periodical torpor to which different animals are subject. 
These, it is true, lose the use of the parts and their func- 
tions, but their organization remains entire ; their fluids 
are merely reduced in quantity, or in a state of stagna- 
tion, sometimes they even continue their motion ; 
and their solid* retain a flexibility which renders them. 
susceptible of agaia exercising their proper action. The 

animalcuksb 
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into a liquid, or wetted with a single drop of 
water, they resume their organic conformation ; 
gradually recover themselves; become sensible 
as before, to die action of stimulants ; and, once 
more, offer to our view all the marks, of motion 
and life. — 

> 
The second volume of the smaller tracts, is 

especially appropriated to the examination of 
spermatic worms. On this subject, Spallanzani 
corrects a number of errors which Jiad escaped 
Xcwenhoek; he refutes Linnaus, who regarded 
.these worms as saline particles, and JiufFgn, who 
conceived them to be mere constituent ^d or- 
ganic moleculaj. He contends, on tbe conti's^ry, 
that these worms are real animajs. The semen 
is their natural element; and, they perish in 

animalcules of infusion, on the other hand, are reduced to 
a state of complete disorganization, similar, in all respects^ 
to the actual death of other animals ; and if, without a 
new creation, or apparent multiplication, their organs re- 
sume their original action, execute the same movements^ 
in a word, recover life, what other name can be given 
to this act, than that of a real resurrection f 

Felix Fontana will, in a short time^ publish a work 
upon the resurrection of amneois,' which will convinoe 
the most incredulous readers. 

js 2 every 



52 THE LITERART LlFL 

evcrv other. Like the animalcules of inftisinn, 
they are sensible to the operation of cold, heat, 
oclour% electricity, &c. They have no disco- 
verable mode of reproduction, and it is not 
knoMTi whether they are viviparons or oviparons. 

Spallanzani then gives us the histor}' of parti- 
cular classes of the animalcules of infusion, such 
as the Tm^igradi and Roflfcri; and, after that, 
«ome very curious researches, respecting the de- 
gree of heat tkvonrable, or detrimental, to the 
evolution of germs and eggs, and respecting dif- 
ferent kinds of moulds, which several naturalists 
have erroneously regarded as the link which 
unites the vegetable with the mineral kingdom*, 

§ XII. 

** The moment I read the work of the Abbe 
Spallanzani on digestion, I conceived an inten- 
tion of translating it. On perusing it a second 
time, my mind Mas entirely occupied with the 
means of executing my design. These researches 
are, perhaps, one of the most valuable production* 
of which natural history can boast, and one of 
tiKi most accurate and ingenious commentaries 
wiiich have ever been made upon the works of 
uaturc. This cxccllcut lx)ok, when perused 

with 
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vith attention, interests the reader, as much by 
the manner in wliich it is composed, as by the 
subject which it treats. The manner is that of; 
one of the greatest naturalists of Europe, who: 
studies with superior talent a subject involved iu 
tlic deepest obscurity ; but which he has the art 
of placing in the strongest and clearest light. 
There are but very few books which are so well 
calculated to inspire a taste for the study of na- 
ture, or furnish so many aids for prosecuting it 
with success. It is, in fact, a system of logic 
for the naturalist, and the guide, which, beyond 
all others, ought to be followed by those who 
apply themselves to the study of physiology. '' 

Such is the language of a translator worthy of 
the original*. There are, indeed, but few com- 
positions which contain an assemblage of facts, 
so numerous, so conclusive, and so well arranged. 
What subject can be more interesting than that 
of digestion? and with what wonderful address 
does our author consult nature, and receive her 
responses? The discriminative choice of his ex- 
periments^ the simplicity of his processes, the 
carefulness with which he conducted them,, the 

* Dissertazioni di Jisica animale e vegetalite.'*-- 
Modena^ 1780, 2 vols^ in 8vo. 

£ 3 logical 



54 THE LITERARY LIF'E 

logicial closene&s of his deductions — every thing, 
in a word, combhied to render this performance 
a finished model of the experimental art. In no 
part of it can we suspect hiqi of error, prejudice, 
or partiality. Tlie author forms no system, no 
hypothesis : he gives a correct statement of facts, 
and the sum total a\ liich results from them is 
the only theory he admits. 

We shall not enter upon an analysis of a book 
which is in universal circulation. It will be 
sufficient to obscne, that tlie author proves, that 
the gastric juice is the direct and immediate 
agent of digestion ; that it acts neither in the 
way of fermentation, nor putrefaction, but 
produces in the aliments, a real dissolution of 
their principles ; and that it is subordinate to the 
various laM's of affinity, &c. &c. 

This work is one of those which did the highest 
honour to Spallan/ani. It obtained the appro- 
bation of the greater part of the naturalists of 
every country, those of Italy excepted : and why 
did they decide upon its merits with greater se- 
verity and injustice than the others? Whence 
comes their refusal to allow their countryman 
the glorj' of one of the master-pieces of the hu- 
man mind r lleaunuir, it is true, M'as tlie first 

3 M ho 
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who trod the same path ; but M^as not Newton 
preceded by Descartes? What, I would farther 
ask, is there in common between the tubes in- 
vented by Stephens, and the use to which they 
were applied by the physiologist of Pavia? — And 
you, John Hunter, who have enriched physio- 
logy and especially anatomy with so many 
valuable facts — what was the motive of your 
bitter satire against our author? *^ He is not an 
anatomist*," say you; but he did not pretend 
to give an anatomical work. On the contrary, 
he has avoided, as much as possible, going into 
any anatomical details. Those which appeared 
indispensable to his purpose, he has copied from 
Haller; and, surely, you cannot object to so 
well informed a guide. — '* He has not observed 
digestion on a scale sufficiently large. " — Yet he 
has examined it in every class of animals, from 
the creeping insect to the human being. — ^' From 
a few paiticular facts, he has drawn consequences 

* Observations on certain parts of the animal aeco^ 
nomy, by John Hunter, 1786. London, &c. 

Spallanzani answered this work, in a pamphlet enti-p 
tied, Lettera Apologetica in risposta alle osscrvazioni 
sulta digestione, del Sig. Giovani Hunter. Milan, 1788, 
ip 410. 

E 4 too 
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too general*." — A few particular facts! Surely 
you did not mean to sa}\ tl\at thos.e which he. 

brings 

* This reproach is not without some foundation. In 
fact, though the process of digestion is common to all 
animals, and the stomach is its principal organ, it is pro- 
bable that this function does not operate *m the different 
individuals with that imiformrty which has been imagined. 
The difference in the structure, position, and organic re^ 
lations of the stomach, habit, climate, variety of alir 
ments, and an infinite number of other pircumstaac^s, 
may give results applicable to a few species, but not to all ; 
and this has been shewn by Hunter beyond the possibi- 
lity of doubt. Hje agrees, however, with Spallanzani, 
that the gastric juice is the principal cause of digestiorf^ 
but he supposes that it acts by fermentation. 

There is another accusation which may be brought 
against Spallanzani with still greater justice. This wri- 
ter considers digestion only as it results from the gastrin 
juices and their solvent properties. His enquiries are ex- 
clusively confined to the part which they perform in that 
process. He does not take the least notice of that force 
which ilecomposes, changes, modifies, augments, or di- 
minishes, prolongs or suspencVs, and stops the effects of 
digestion. — I mcaxi the action of the nervous system. 
Yet who is there that does not daily experience its good 
or bad effects ? Physiologists were surprised at so re- 
markable an omission on the part of Spallanzani. Fri 
truth, the action of the nerves cannot be submitied 16 

the 
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brings forward are not sufficiently numerous. 
You might, with greater justice, have accused 

him, 

the crucible of the chemist, nor arc the efforts of me- 
chanical industry sufficient to attain a complete know- 
ledge of its wonderful effects. It has, however, its mode, 
and peculiar laws, and its influence in the process of di* 
gestion is very powerfully discernible. *' What is the 
reason,*- said I, one day, to Spallanzani, *' that you 
ii^ve not examined a subject so deserving of your atten- 
tion? The French, who take so proud and scrupulous an 
interest in that part of the science of the animal economy, 
which treats of the phenomena of life — a science which 
they have created, or, at least, defended so successfully 
against the attacks of a too celebrated sect* — find much 
fault with you for this inadvertence." — '' It is true," re- 
plied he, ^^ that I have not spoken of the effects of the 
nen'ous system on digestion; but does it follow that I 
reject theni? Why give such an interpretation to my si-r 
lencc? What js there in my researches to authorise it? 
At most, my work can be regarded only as incomplete, 
and I know th^t it is $o in many respects. I entered into 
too wide a field. — I have been blamed for not giving a 
complete treatise on digestion. I must confess that I 
never had patience enough to transcribe, and dispose in 
^sections and chapters, the experiments, opinions, ^n4 

* I here allvide to tl^e §ect of the mechanicians, so powcr- 
fiilly combated by the French physicians, and particularly by 
those of the University of Montpellier 3 Borden, Barthes, Fou- 
<^uet, Grimaud, Dumas, &c^ 

writings 
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him, as others have done, of going a httle too 
far in this respect. Would you pretend to assert, 
that particular facts obtained from an examina- 
tion of each species, cannot afford results com- 
mon to all the classes? But, if all animals possess 
gastric juices; if these juices are, in all, the prhi- 
cipal agent of digestion ; if they operate in the 
same manner, and produce the same effects; how 

writings of others, I conceived it was enough to digest 
my own thoughts^ without endeavouring to arrange those 
of others." — ^* Do you," added he, in an extremely flat- 
tering and encouraging manner, *^ who apply so much to 
the study of pliysiolog}^, make some enquiries respecting 
the influence of the nervous system on digestion." This 
mode of invitation was to me the same as a command. 
I instantly sketched out a plan of experiments, which I 
conmmnicated to him ; he thought them worthy of being 
carried into execution. Some trials have been already 
made, and they seem to prove that the action of the 
nerves has no direct influence on the aliments, but that 
il solely exercises its force in the secretion of the gastric 
juices, and that the accomplishment of this secretion 
Fcemseven to be its exclusive object, &c. &c. This re- 
markable corollary must therefore be deduced from them, 
that, in the choice of aliments, it is as necessary to con- 
sider their affinity with the sensibility of the nenes, as 
with the constituent principles of the gastric juices ; the 
former detemiining the secretion of the juices ; the latter^ 
the dissolniion or digestion of tlie aliments^ &c, &c. 

can 
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can we avoid inferring from these facts, in sortie 
measure, individual, but yet common to all the 
species, the most extensive consequence, a gene- 
ral corollary, applying to the different classes? — 
And if it is incumbent on the physiologist to 
study nature in every point of view ; if he ought 
to possess the most varied attainments; wha 
better merits that title than Spallanzani, who^ 
alternately, and with equal distinction, officiated 
as professor of mathematics, experimental phy- 
losophy, ancient and modern languages, and 
natural history — than the man to whom we owe 
the most precious researches into the principal 
functions of the animal economy ? . 

§ XIII. 

What is the mechanism of that act with which 
is conjoined the propagation of living beings ? 
Whence those tender sentiments which precede 
those lively emotions which accompany it? Why 
that mystery with which it surrounds itself, that 
silence it loves, that solitude it courts, that se- 
crecy it exacts ? Is it that nature, jealous of the 
most exquisite of her prerogatives, dreads their 
being invaded by a rash surprise? — But Avhat 
stoic, however frigid, amidst the convulsions 
which agitate the inmost springs of the human 

frame 
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frame, would, or rather could, dare to take a 
view of himself, calmly collect his thoughts, 
meditate, reflect, and observe ? — 

Upon the subject of generation, the ancients 
have transmitted nothing but hypothetical rea- 
wnings. Harvey, Malpighi, Graaf, and Vallis- 
uieri, have removed a part of the veil which co- 
vered it, Haller has obtained more positive and 
satisfactory results, and established this won- 
derful doctrine; that the foetus belongs to the 
female, and pre-exists in the uterus. Every one 
knows that he supports this opinion by the fol- 
lowing facts: The membi*anes M'hich cover the 
internal and external surface of tlie yolk of the 
egg, are merely a continuation of those which 
line the stomach and intestines of the chick. The 
vessel* of the volk anastomose with those of the 
chick ; the blood passes from the one to the 
other; it flows in common and uninterrupted 
channels; it is propelled by the same force, &c. 
&c. The volk, therefore, must constitute an es- 
sential part of the chick in ovo, and must be in- 
timatcly connected with its organization. But 
Mhetlier it be, or be not, impregnated in the 
egg, it is clear that the chick must exist even 
previously to copulation : for what purpose 
Vould \hc membranes and vessels of the yplk 
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serve, without those of the chick, of which they 
are merely an expansion and prolongation? And 
can these vessels ami membranes exist without 
the concurrence of the parts necessary to their 
formation, namely, the stomach, heart, nerves^, 
&c. 

Spallanzani proceeded a great deal farther in 
this obscure path. lie found, at the very outseti 
that the sujjposcd eggs of salamanders, frogs, and 
toads, are nothimg else than so many foetuses ex-* 
isting in a more diminutive form in the ovaries of 
the feiBales, that the foetuses whether fecundated 
or not, possess the same structure; and conse- 
quently^ that they must exist prior to the act 
of fecundation. He made a like discovery with 
respect to the amnion and umbilical cord, and 
fully satisfied himself, that these parts exist, be- 
fore copulation. Nor did he stop there: he 
soon discovered that the fecundation of tad- 
poles* takes place out of the body of the fe- 

* Spallanzani observed this mode of fecundation out 
of the body of the female, in aquatic and land -frogs, 
aquatic salamanders, and different sorts of toads. Th^ 
fecundation of salamanders, however, does not take 
place entirely without the body of the female, for the se- 
men of the male penetrates a little into her vagina. Roe- 
sel had remarked, be&^rc Spallanzani, that the fecundai- 
tion of the land-frog takes place without the uterus. 

male. 
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male. As tlie latter excludes the eggs, or rather 
the foetuses, the male bedews them with his 
speim. Those on which the liquor falls, vivify 
and gradually evolve themselves; while those 
which are not sprinkled >vith it, die. The same 
fate awaits those which issue from the uterus, 
without the subsequent ^ct of copulation. Not 
one of them escapes the rigour of this law. Spal- 
lanzani convinced himself of this fact in a very 
ingenious manner. Having remarked that the 
foetuses issue from the uterus, one by one, with 
the umbilical cord, to Mhich they are separately 
attached, he took two parts of this cord, the 
one sprinkled with the seminal fluid, the other 
not, and placed both of them in a situation 
equally favourable to evolution : the fecundated 
foetuses produced frogs; the others, Avithout a 
single exception, remained barren and perished, 

A discovery so curious must naturally have 
suggested the idea of artificial fecundation. 
Naturalists had, hitherto, failed in this bold ex- 
periment. But nature had betrayed herself, by 
funiishing an instance of fecundation out of the 
body of the female. The process adopted by 
our observer may be easily conjectured: he took 
some eggs which a female had laid, without co- 
pulation^ wetted them with the semen of a male, 

and 
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and placed them in a situation favourable to inr 
cubation. Six days afterwards, the eggs pro- 
duced living tadpoles, in every respect similar to 
tliose which are generated in the natural way. 
Those, on the other hand, which had «ot been 
impregnated with the sperm, gave no signs of 
life, and soon putrefied. A very small quantity 
of sperm is sufficient to fecundate a number of 
eggs. A single drop, which is scarcely visible, 
will produce the same effects as a very consider- 
able quantity. Water does not perceptibly di- 
minish its prolific power. Three grains were 
found to retain all their efficacy, though mixed 
w^ith eighteen ounces of water; and on another 
occasion, the same quantity was capable of vi- 
vifying several foetuses, when dissolved in twen- 
ty-two pounds of water. Let us beware of attri- 
buting the qualities of the semen to a volatile 
principle, aa aura seminalis. Spallanzani placed 
a number of foetuses, at the nearest possible .dis- 
tance from the seminal liquor, without obtaining 
a single instance of fecundation. An immediate 
contact was always necessary to produce that ef- 
fect, and it appeared that the fecundating virtue 
resides in the thicker and more solid part of the 
seminal elements. 



The 
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The sperm, when mixed with a small quantify 
of water, ix*tains its activitj^ much longer than ill 
a pure state. "To mix it in this manner, is, in- 
deed, indispensable to the fecundation of the 
eggs of salamanders. 

Neither the blood, bile, urine, not- saliva, dc* 
slroy the prolific power of the semen; yet none 
of them can supply its place. This is the case 
also with several other fluids. Tlie electric 
shock, however, apj^ars to add somCM^hat to its 
activity* 

The semen is equally capable of fecUndatton^ 
whether it contains spermatic worms, or not. 
The urine, which is poisonous to them, does 
nor, in the smallest degree, impede the process 
of generation. What, then, must we think of 
the hypothesis of Lewenhoek, which is founded 
on the existence of spermatic wonns? or of the 
theory of RufFon, depending on organic mole- 
cute, which are nothing else than these very 
worms ? 

Tlie greater part of Spallanzani's experiments 
respecting artificial generation were performed 
Q^ different kinds of frogs, toads, and salaman* 

dcrsy 
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ckrs. He likewise succeeded in fecundating a 

■ 

silk- worm in the same manner; an experiment 
which had been tried in vain by MalpighL 

But of all these artificial fecundations, the 
most astonish ii^ is that which he effected on a 
bitch. Having injected into her vagina nine- 
teen grains of semen taken from a dog of the 
same breed, he had the satisfaction, after the or- 
dinary time of gestation, of seeing her bring 
forth several young whelps, likewise, of the same 
race, and which had attained their full growth. 
It is unnecessary to add, that every precaution 
was taken, which could put the experiment be- 
yond the reach of ambiguity or suspicion*. 

Spallanzani attempted in vain to fecundate the 
eggs of a frog with the semen of a toad ; and he 
was equally unsuccessful on Avetting the germs 

* Doctor Rossi^ of Pisa, successfully repeated the 
same experiment. See Giomale de letterati di Pisoj 
torn. XLV. in 1782; see also a letter from^Spallanzani to 
Rossi in the same volume of that work. 

Chevalier Joseph Bufalini of Cesena, also obtained a 
similar result; and even succeeded in the artificial fe* 
cundation of several fishes. — Opuscole scelti di Milano, 

ttm.XIK in 1791. 

p of 
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6f 1 isalatnahcler With the sperm of a frog : asb^ 
tiishing t>f'(ecaUtion of nature to prevent disturb* 
ing the hannony of the various species^ and 
augmenting the number of races and mules? 

The farma of the stamina is, beyond doubt, thfr 
riviFymg principle of tire germs contained in 
the o^aty of tl^e pistils. It is a general lai»r of 
nature, that the process of generation canniyt 
take place trilhout th6 union of the sexes ; but 
fMrti this Tule the*e are some very striking ex- 
cteptfons among gnibs^ polj^^i, and the an|ftiak> 
Wile* of hifirisibn. S^allanzahi discovered, that 
the same irregularity obtains in tke vegetable 
kingdbm. He obsferved the seeds of diflferettt 
kinds of hemp and gourds produce, without the 
intervention of the Stamina, etobryos which grew 
up to maturity. 

A result so singular must have given great 
offttice to the sexual botanists. Our author, 
tj^as aware of this ; and "he, therefore, con- 
cliicted his experiments with redoubled cafe and 
attention. Still, Irowever, he was not able to 
escape the shafts of envy ami calumny. Hisop* 
l>oneuts did not controvert the result of his e%r 
peiiftientSy they went fiirther-*-tbey asserted 
that he never made them. This was to attack, 

• 4 at 
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at once, his reputation, and his probity; and it 
Was, surely, more than sufficient to excite his 
just indignation*. 

§ XlV. 

Spallan2ah], besides being professor of natural 
history, was likewise charged with the superin- 
tendence of the museum; and a yearly sum was 
placed at his disposal, for the purpose of making 
such purchases as he should think necessary to 
its embellishment. He negociated the purchase 
of Goez s collection of worms, a collection un- 
equalled in its kind^ asid from which that celebra- 
.ted Dutchman composed the work which he 
published on this subject But the greater part 

♦ I here allude to Canon Volta, of Mantua, whom 
the reader must not imagine to be the same with the ini'* 
mortal Alexander Volta, of Como, professor of experi^ 
mental philosophy in (he university of Pavia. The for* 
mer inserted in the transactions of the academy of Man* 
toa a pretty long paper, in which he asserts, that Spallan«» 
sani nerer made the experiments relative to the fecunda^ 
tion of plants. Nothing but the publicity of this paper 
could provoke Spallanzani to take notice of it. He re** 
plied to it with much acrimony ahd vehemence, in a let- 
ter addressed to a friend at Mantua — Lettera a un amico 
di Mantova Pavia^ in Svo. It will be seen in the sequel^ 
that this dispute proceeded from a former quarrel of, by 
far, teo virulent a nature* 

fS! pf 
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of the curiosities which adorn the cabinet of Pa- 
via, were collected by Spallanzani himself. Strict- 
ly speaking, indeed, he may be said to have laid 
tlie first foundation of that superb establish- 
ment; for, before his appointment, it contained 
a few mutilated relics only of the three king- 
doms of nature, thro\%Ti tosrether M'ithout order 
or method. Instead of this chaos, it now pre- 
sents to the admiration of the lovers of nature, 
the most complete and best arranged and distri- 
buted collection in all Italv, without even ex- 
cepting those of Bologna and Florence, It was 
during the \-acations, that Spallanzani devoted 
himself to this new employment, \Vliich M-as no lest 
laborious than interesting. At onetime, making 
an excursion to the Alps, and Appeuine mountains, 
and, at another, directing his course towards the 
borders of the Adriatic and iEgean seas, he always 
returned, loaded with the richest spoils; nor did 
he ever omit making such enquiries on the spot as 
might tend to elucidate various obscurities in the 
science of nature. Thus in the gulf of Spezzia, 
at Porto Vencrc, and in diftcrent parts of tlie 
shores of the Mediterranean, he added a multitude 
of valuable facts to the liistory of the torpedo*, 

molluscas, 

* Sec an abstract of a Idler from Spallanzani, inserted 
in vol. yi. of the select Opuscules of Milan^ in 4to, 

and 
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molluscas, halcyons, inilleporesy madrepores, 
Aicdusas, corals, the animals which occasion the 
luminous appearance of the sea by night, and 
several other marine and fossile productions*. 

In 1779 he went through a part of Switzer- 
land, jassed several days at Geneva with his il- 

and in the Abbe Rosier's Journal of Physics, 1783. 
Spallanzani there traces some new relations between the 
dectric fluid, and that which occasions the shock of the 
torpedo. He asserts, in opposition to Schilling, that 
the magnet does not raise the torpcdos, and that they 
even do not fix upon it; and, in opposition to Linncus, 
. that the shock of the Torpedo is feU, whether the breath 
be kept in or not ; that the aniioal is not poisonous, and 
that it has not real lungs, &c. 

♦ Lettere due relative a diverse produzioni marine e 
diversi ogetti fossili e moniani, al Sig. Carlo Bonnet. 
Society ItaL di Verona^ torn. IL 1784, and in Rosier's 
Journal of Physics, tomes XXVIII. and XXIX, 1796. 
He enters into the most copious details respecting the 
cause of the shining appearance in the sea by night, 
and he confirms the opinion, that it proceeds firom 
the phosphorescence of an infinite multitude of animal*- 
cules floating on the surface of the water. He enquires 
whether their light is produced by a particular organ ; 
whether it sparkles constantly or periodically, and when 
the animalcules are out of the w«atcr ; whether they be 
jpvip^ous, or viviparous, &c. 8cc. 

F 3 lustrious 
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lustrjous friends, Bonnet, Trembley, Saussur^ 
and Senebier; and, having thence proceeded to 
Berne, to pay a visit to the widow of the cele- 
\)TBted Haller, he returned home by Mount St 
Gothard. 

In 1781, he* sailed along the borders of thp 
]Mediterranean from Leghorn to MarscilieS| 
where he remained six weeks. 

In 1789 and 178S, he travelled in Istria) along 
the shores of the Adriatic, through the Euganeai^ 
mountains, &c. &c. 



S XV. 

The longest of Spallanzani's voyages, wa^ 
that which he made to Constantinople. He* 
embarked at Venice in the month of August, 
1785, with the Chevalier Zugliani, who wasap^^ 
pointed ambassador from the Venetian Republic 
to the Ottoman court. Off the coast of Lstria, a 
water-spout* attracted the attention of the two 
passengers. They ol>ser\ed that this phenome* 
non neither raised nor absorbed the waters of the 

• Sec his description of it in Bragnatelli's ^* Biblio^ 
ttitqnt Physique d'Eurppe j" tom. VII. i786. 

8C3« 



sea. It is merely a current of ^ir £on^ned in a 
v^orous tunnel^ which pi'ecipitates itself frpfi^ 
t^ clouds to the surface of 1^ v^ves. Tluf 
current appears to be the prin^aiy effect of sev^ 
ral opposite winds, which, rushing vfolei^dy 
against each other, communicate to the cloi^d ^ 
kind of whirling motion. The vaporoiis canal 
is probably produced by a whirlwind, >vhLch, 
pei^etr^te^ with great force into tli^e body of tlie 
cloud, dilates the lower part, a94 t)ius.e;i^elQpi* 
ii^g itself, suddenly darts 4own witl^ it, soxpe- 
times to the lower r^giiops of the ^tmospherCy an4 
spmetimes to the v^y sur^ce ^ the «ea« A si- 
mUar meteojr whicb .^cjcurred jn ;the same tr^c^ 
about ^ month befpre^ )^^oke u|>oa a vesse] a^4 
dashe4 her in pieces. 

' The vessel having puti^to jCpribu, Spall?,)^- 
Tani, to whom time was precious, took the .op- 
portimity of visiting diis island. I^ vain did he 
search after tlie palace of Alcjnous, and his re- 
nowned gardens, which are celebrated by Homer. 
Time has effaced the very traces of them ; it ha$ 
respected nothing hut the fountain which ^re- 
frpshied and fertilijzed tjiem. 

Tbey set sail, and Cephalonia and Zante were 
&0Qn left behind. But suddenly the sky wa& 

i* 4 daikeued 
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darkened with clouds, the lightning flashed, the 
thunder rolled, the sea foamed, and the vessel 
was driven to land. It M^as Cerigo, the ancient 
Cythera. — Where is the abode of the goddess? 
Where her temples, altars, priests, and nymphs? 
-^-Ye, who search after pleasure, touch not at 
Cythera. The queen of love has abandoned this 
isle; it is no longer inhabited but by wretched sa- 
vages; and nothing is to be seen in it but rub- 
bish, ruins, bones, and substances, which have 
undergone the action of fire. — ^Was this the state 
of Cythera in the time of the Greeks? Or has 
this change of appearance been produced by the 
fury of volcanos, of which it exhibits a thousand 
traces*? — The vessel proceeded on her voyage. 
What must have been the reflections of our tra- 
veller as he sailed along the Archipelago? Here 
flourished Athens; there Laccdaenion; at this 
place crossed the army of Xerxes; beyond it, the 
conqueror of Asia disembarked his invincible 

* This was Spallanzani's opinion; — Sec his letter 
from Pavia to Chevalier Lorna, cntituled, ** Osserva^ 
zioni Jisiche instituUe nelV isola di Citeray oggidi Cr- 
rigo Societ. Ital. di Veron. torn. III. 1786. — Spallan- 
zani discovered in this island a small hill, composed al- 
most entirely of human bones. lie conceived that it, 
was one of the cemeteries of the ancients. 

3 phalanxes ; 
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phalanxes ; a little farther, Rome lost her liberty; 
and here Octavius confirmed his despotic sway. 

Spallanzani arrived at Constantinople on the 
31st of October, and continued there elevea 
months. — I should gladly follow him, did my 
limits permit me, in his excursions amidst 
that celebrated city and its delightful environs 
— to the isles of Principi and Calki; in tb^ 
former of which he discovered a mine of iron, 
and in the latter a mine of copper — along 
the shores of the Black Sea, and across the moun- 
tains of Asia. With pleasure would I accom- 
pany him to that region on which the war sung 
by the first of poets has conferred immortal re- 
nown. With what reverence, with what religious 
curiosity, must he have visited the scenes where 
Patroclus expired in consequence of the wounds 
inflicted by Hector; where Achilles avenged the 
death of Patroclus ; where Diomede imbrued his 
hands in the blood of the gods; and where the 
artful Ulysses appeased the dissensions which 
were so disastrous to the enterprize of the^coales- 
ced kings ! 

■ Juvat ire et Dorica castra, 

Pesertosque videre locos, littusque relictum : 

Hie Dolopum manus ; hie saevus tendebat Achilles, 

Classibushic locus; hie acics ccrtare solebant. * — 

♦ ^neid, lib. II. v. 27. &c. 

And 
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And who could be better qualified to discover 
the camp of the Greeks, the Myalls of the Trojan9, 
and the particular scenes of their bravery, than 
the man who had so profoundly studied the works 
of Homer ♦ ? 

Spallanzani left Constantinople on the 1 6th of 
August, 1786. The various productions which 
he had collected were put on board a Genoese 
vessel; and, accompanied by a faithful domestic, 
he himself, took the road to Germany, through 
Bulgaiia, Wallachia, Transylvania, and Hua* 
gary. He frequently stopped, in his way, to 
examine those little known countries. He re- 
mained several days at Bucharest ; the Gover- 
nor f accommodated him with a lodging in his 
palace, and, on his setting out, gave him an es- 
cort of thirty soldiers as far as Hermanstadt 

* Spallailizani died without publishing his vo^^age to 
Constantinople. This work^ however, was completedj 
and I have several times had the manuscript in my bands. 
It would probably have made its appearance in the course 
of this year, or, at farthest, after the publication of his 
experiments on respiration. It has been consigned to 
^e care of men of taste and information^ and the public 
will soon be gratified with a perusal of it, 

t Maurocinii Hospodar of WaUacliia^ 

He 
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He made a much longer stay in Hungaiy, where 
he attentively explored the numerous and rich 
mines with which that province abounds, and 
made a very valuable collection of metals and 
minerals of diffei-ent kinds. 

At Vienna, Joseph 11. received him with the 
most marked distinction, conversed several hours 
^mth him, and presented him with a medal of 
himself. The ministers,- ambassadors, and most 
distingaished literary and scientific men of that 
city, honoured the naturalist with their visits. 
In vain had calumny sharpened her shafts; nQ 
one gave ear to the scandalous accusations which 
had been made against him; their falsehood was 
detected, and Spallanzani*s innocence was pro- 
claimed by an imperial edict *. He returned ii^ 

triumph 

^ I ehall here ab^tsun from quoting any part of thift 
edicts being averse to do any thing that might influence 
the passions and revive animosities. This silence will 
doubtless be approved of. It is sufficient to observe^ 
that Spallanzani, accused of having taken away some cu- 
riosities from the cabinet of natural history*, was declare^ 
innocent of the charge by a decree of the government; 
^nd his accuser, John Seraphin Volta^ declared incapable 
pf holding any employment in the university. Witl^ 
fegard to the other persons affected by the same decree, 

I never 
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triumph to Pavia, after an absence of twcnty-onc 
months. His pupils testified, by the most eager 
demonstrations of joy, the pleasure with which 
they saw him come to resume his lectures, and 
their regret for having so long been deprived of 
them. 

§ XVL 

Here a chasm occurs in the literary life of 
Spallanzani. Every preceding year had been 
distinguished by several publications, ajid the 
reader could scarcely follow him in his numerous 
researches. But, for three years from the present 
periof^ he gave the world nothing except a few 
occasional letters*. It does not even appear 

tjiat 

I ne\er could believe that they took the smallest concern 
in the meditated disgrace of Spallanzani ; their openness 
of disposition, delicacy of feelings, and particularly their 
great merits, are to me the surest pledges that I am not 
mistaken. I have likewise met with many persons in 
Italy who gave me a very favourabU account of the mo- 
ral character of the Canon V'oUa. His talents may be 
estimated from his productions ; and, among otlicrs, 
from his enquiries relative to the olfactor)' sense in birds, 
which have merited a place in the ingenious work of 
Scar|>a, on the sciise of hearing, smell, &e. &c. 

* Among these letters, I ought to mention those 

^•hich {lad a reference to the following anecdote : ^A 

prctendet) 
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that he was occupied with any performances wor- 
thy of his reputation. — Perhaps, he was prepa* 
ring himself for his ti-avels in the two Sicilies. 

§ xvn. 

Spallanzani travelled in the two Sicilies, to- 
wards the end of the year 1788. But, before 
we accompany him to those happy climevS, let us 
say a few words respecting the method whicjii he 
pursued in his enquiries. — He studied volcanic 
products in the same manner as mountains are 
generally examined, in the aggregate of their 
masses, the intermixture and relative situation of 

pretended animal was one day brought to Scopoli, who 
was assured that it had been seen alive, moving along, 
&c. The credulous professor thought he found in it the 
characters of an unknown species of worm, and drew up 
a description of it, which he dedicated to the celebrated 
Sir Joseph Banks ; but it was very soon discovered that 
this new worm was nothing else than the trachea of a 
Irird. This mistake which gave so much scope to criti- 
cism, furnished Spallanzani with the subject of two let- 
ters. — (Lettere al Sig. Scopoli in ZoopoUy 1788.>/— ex- 
tremely entertaining, which are now out of print. Spal- 
lanzani, after having been a believer in the magical rod 
of Pennet, made a recantation;, and thence arose a very 
curious epistolary correspond^pce^b^tween bim and ThoUf 
venel^ which was inserted in Bruj^^^teUi'Si jouraal3. 

' "^ ' ^ the 
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thestrata, the constituent parts of each stratim^ 
&c. &c. The central elevation of the islei 
which he visited, likewise attracted his attentiOiK 
This is, in general, the first sensible effect pro- 
duced by subterraneous combustion; it is the 
spot which was first extruded from the bowels of 
the earth. There, the crater is frequently seen 
in an entire state, sometimes burning, but mott 
generally marked with peculiar, characteristic; 
appearances. The shores of the isles, and of the 
volcanos washed by the sea, are equally deserve 
ing of investigation. Our observer sailed along 
their coasts in a small vessel, and repeatedly 
crossed them in all directions, examining, with 
the utmost coolness, their bursting sides, and 
falling rocks. How many facts might have beem 
added to tlie science of orycthology, had precc- 
diug travellers possesaed the same courage, am) 
}>F06ecuted ^ioular enquiries with equal ardour ! 

Spallanzani arrived at Naples with the most 
eager impatience to visit Mount Vesuvius *. Hfe 



♦ Vttovins docs not attract the attention of the Net* 
poTitans, but during its grand eruptions. Habit rend€M 
them indifiereitf to the erdtnary state of this volcano. Be* 
0id«8^ experiaot ln» tiAi|^ tbem^ diat the city ^f Ntploi 
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was particulally anxious to have a view of some 
grand eruption ; and his curiosity was soon gra- 
tified. One of the sides of the volcano opened, 
and ponred forth torrents of lava during the 
night. Spallanzani, berag informed of the cir«> 
cumstance, immediately ascended the mountain 
tmidst the glimmering light of the flames, with 
all the ardour of Pliny, and equally anxious to 
enjoy a near view of that frightful scene; but 
aore fortunate than Pliny, he avoided the biu-n- 
kig matters, and escaped the fury of the crater. 
He was prevented, however, from gaining the 
iumaiit, by a shower of stones, and a thick emi&^ 

Itts nothing to i^rfrom its explosions. The inhabitants 
¥f Portici^ and Ihe adjacent villages, are the only persons 
Hrfaohare any peaaon to dread so terrible a vicinage. They 
«akinot foi^t the melancholy fate of Herculaneum^ 
t^odipeia^'and the still more recent destruction of a great 
part of the Torre del Greco. Yet these events do not 
acem to have in the least added to their stock of prudence. 
^ew b^itations are evisry year erected upon the same 
places, la 1796^. I myself had occasion to see the inba* 
'kitatxtsoTa small town that had been destroyed in 1794^ 
lebuilding their houses quite close to it^ and with lava 
•tin smoaking. Certainly they could not fix upon a 
'sibre beautifut eminence^ a more fertile soH^ or a more 
agreeable situation, but can all these advant2(ges^ counter* 
Vail the dreadful prospect of a destruction^ sooner or later 

aioa 
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sion of sulphureous vapours. He was tlierefow 
obliged to satisfy himself with observing the lava 
in motion, calculating its progress and degrceof 
fluidity, estimating its heat, and ascertaining its 
composition, which he found to be a basis of 
Hornblenxl, of a dark grey colour, moderate hard- 
ness, dry to the touch, and giving a few sparks 
with steel. 

The attention of our traveller was next direct- 
ed to the famous Phlegrean fields, where the ap- 
pearance of volcanoes extinguished, or inac- 
tive, surprises and terrifies the beholders, and 
where nature seems to have delighted in con- 
founding all her elements, and in producing the 
most astonishing revolutions. lie wandered 
over these scenes in company with the naturalist 
Breslack*. They examined together the la- 
vas of Solfetara and the vapours which exhale 

* Tliis philosopher is advantageously known in Italy^ 
by several essays in natural history. He has, at present^ 
in the press, a very valuable work, on the mincraTogy of 
Yolcanos in the environs of Naples, enriched with two 
magnificent maps, in which, besides the positions of era* 
ters, are laid down the most remarkable scitcs in that 
country. Hii delineation of the bay of Naples is much 
superior to that given in the beautiful maps of the royal 
calcograpby. 

from 
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flx>ni them, the mephitis of the grotta del cane, the 
lake of Agnano, the mountain which rose from* 
the bowels of the earth in forty-eight hours, Mi- 
sena, Ischia, and Proeida, that seem to have been 
reluctantly torn from the continent which daily 
recedes still &rther from them. 

Spallanzani then embarked for Sicily.— Ve- 
suvius is^no more to be compared with Etna, 
than the volcano of Lemery is with Vesuvius. 
Mount Etna occupies a space of about 180 
miles, rises two miles above the level of the sea, 
and throws out its products to a distance' of fif- 
teen leagues : its' crater is six miles in circumfe- 
jrence. 

The ascent of mount Etna is attended with a 
thousand difficulties. It is necessary to cross 
torrents of lava, to creep along on the scorias, 
to inhale repeated gusts of mephitic vapours, 
and to endure an alternate change of the most 
opposite temperatures. Spallanzani, however, 
surmounted all these obstacles, and arrived at 
die summit of the volcano. There, seated on 
the brink of the crater, he viewed, contemplated, 
«nd eicamined, with a mingled feeling of dread 
and admiration, the whole of thatvvast cavern, 
its form, sides, and bottom, the substancesi which 

Q arc 
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ait in a state of ebuUition^ those which afc effctV 
ed, the rapour» which exhale from it, their di^ 
lectioni &c. He looked arouod ; and wifh siir« 
prize and astonishment he saw beneath him 
the hninense ttass of the mountain itself, cxten* 
«ve tracts, marked by the ravages of fire, thr^ 
delicious Catanea^ a vast expanse of sea, the 
whole of Sicily, its cities, mountains, and rivers, 
the Eolkm isles, the \x)lcanic Stpomboli, Vulcan^ 
inflames, Lipari, MaLta^ kc. — *' Seated," says 
ke, ** in the centre of this grand theatre, I con- 
templated, with delight, these different points €§ 
view ; I experienced a satisfaction, a pleasure, 
an inexpressible cxtacy. Not a cloud was to be 
5een in the atmosphere ; the sun was approach* 
ing his meridian ; the thennometcr stood at ten 
degrees ; I found myself in the teni|)erature mosi 
congt'niaL to man ; and the subtle air which t 
breathed, as if it had been entirely vital,. prtK 
duced in me such a degree of gaiety, vigour, and 
bappinc&s, that I imagined myself tran^rfeed: 
into the celestial regions. ** 

The EoUaa Isles, that progeny of fire, bxn 
but \rry lately attracted the attention o£ philo- 
iopticniw Dolomieu has given us an equally ex- 
act and enteitaining description of tfaeni. fia% 
Uic tiekl iu which he leaped, was too extensive 

and 
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Ind fertile not to leave Spallanzani the hope, or 
tyen the eertainty, of making some additional 
discoveries^ He remained there thirty^fivc days. 
He was the first who visited Felicuda and Alicu«- 
da, in the character of a naturalist; but tlie vol^ 
canoes and minerals of these isles, were not the 
sole object of his enquiries. He examined their 
productions of every kind. He observed, and 
studied the manners of the inhabitants, their 
population, commerce, agriculture, industry 
mid usages. These regions appear, at first sights 
to be the abode of the most frightful misery^ 
Hieir houses look more like u> many nests, 
stuck against the rocks, than human habita- 
tions. They are built of badly cemented lavas^ 
and exhibit no appearance, either of external or 
internal regularity'. Some of them, are lighted 
only by a pale glimmering, resembling that 
of caverns. Bread and a few wild^ fruits 
constitute almost the sole nourishment of the 
inhabitants. Sometimes, indeed, though very 
nuiely, they have a little salted fish, which they 
wash down with pure water. Their repast is 
acrved occasionally upon little tables, but more 
frequently on the bare ground. Yet, if we 
look at the countenances of these islanders, we 
may trace in them an air of gaiety, contentment^ 
and tianquillity, which forms a striking contrast 

9 8 with 
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with their wretchedness. Thoise viands, which 
to us appear so coarse or insipid, are exquisitely 
delicious to their taste. Those miserable hut^ 
which the traveller at first regards with disgust 
and compassion, are to them equally dear as 
gilded canopies, and tho3e barren and mgged 
rocks, as attractive as the most smiling plains, 
Ulysses was not more attached to his Ithaca, 
than th(y tj their Eolian isles. 

Spallanzani returned to Messina, anxious to 
examine its straits, which are bordered ^vith a 
reef of rocks on each side. Already he began to 
hear a sound, sometimes low muttering, and at 
others resembling the howling and barking of 
dogs: it proceeded from Scylla. These re-echoing 
and frightful noises which are heard a great way 
off, are occasioned by the violent agitation of 
the waves amidst the deep caverns of the rocks. 

Homer and Virgil, therefore, in personifying 
Scylla have, with propriety, represented her as 
lying in ambuscade at the bottom of a vast ca- 
vern, and surrounded by howling wolves and 
barking dogs. But Scylla is no wise dangerous, 
except when the current runs from the south to 
the north, and the wind blows in the contrarv 
direction; then, indeed, the vessel, acted upon 

bv 
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by two opposite forces, may be driven against 
the rocks, if the tnaster be not a very skilful 
seaman, or if he neglects throwing out a signal 
for the pilots of Messina, who are always ready 
to give assistance*. 

This devouring gulph, as it was generally sup- 
posed to be from Homer to Buftbn, is not really 
a whirlpool. It does not absorb and disgorge 
the wat-er three times a day, nor does it exhibit 
any whirling motion. The only thin-g which 
appears, is a continual agitation of the waves, al- 
ternately jetting up and sinking, dashing against 
each other and recoiling- When the, current 
runs with veryiittle force, even this movement 
ceases to be seen; and in the most violent 
tempests, far from swallowing up the passing ves- 
sels, Charybdis reoels them to a very great 
distance. 

.. Tlie straits of Messina aro;^ besides, famous for 
their fishery of coral, that Xinbiguous produc- 

* Along the straits of Messina there are a number of 
expert and hardy pilots who are in readiness, day and 
nighty to put off at the first signal ; aiid, as the force of 
the current is not every where alike, they know how to 
choose the least dangerous parts^ and to conduct safely 
into harbour the vessel which gives a signal of distress. 

G 3 tion. 
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tion, which has been finally classed among ani- 
mals, after having, by turns, been placed in each 
of the three kingdoms of nature. They likewise 
present the very curious spectacle of. the fisheries 
of sword, and dog fish ; an employment whicb 
forms a very lucrative branch of commerce for 
the inhabitants of Messina. In the same clian- 
nel are found a Medusa of a peculiar organiza* 
tion; orbicular, somewhat convex, phosphoric, 
and with fringed edges; and a polypus, in whict) 
the circulation of the blood is visible. Tliis i^ 
the only animal of the kind in which that phe? 
nomenon has, hitherto, been perceived. 

Spallanzani here finished his travels in tb(t 
two Sicilies. The journey from Naples to Gcr 
noa gave him an opportunity of visiting the 
lakeof Orbitello, so well known fur its eels, and 
the Elbe isles, celebrated for their mines of iron, 
which have been so well described by father 
Pini. 

He did not examine the Appenincs of Modena, 
until the autumn of 17J)0. The volcanoes of 
Baiigazzo, the salses of Ileggio, Querzuola and 
Maino, and the petroleum of Monte Ziiboj Averc 
the objects which principally engaged his at-r 

tention. 

• 

Tlie 
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Thei figure, fonn, extent, mass, and appearance, 
of mineral itubstances, may be studied ofi the 
5pot where they are found in their native stat^; 
but a knowledge of their constituent principles, 
requires a more serious and deliberate examina* 
tion, which cannot be carried on but in a labora^ 
tory, and by the aid of a number of chemicni 
operations. It was at Pavia that our learned 
professor re-examined, and minutely analj-red, 
the difierent volcanic products of which he 
bad made so rich a collection. He estimatect 
the quantity of iron which they contained; 
found in some a portion of muriatic acidi in 
others of ferrum speculare, ascertained the real 
origin of basaltes ; determined, by the pyrome- 
ter of Wedgewood, the relative heat of culinary 
and volcanic fire ; discovered that lavas are con- 
vertible into gases ; and that these gases have a 
very powerful influence in the eruptions of vol- 
canoes, the formation of hail, &c. &c. 

Spallanzaui's *' Travels in the two Sicilies, and 
in sonie parts of the Appcninc8*,''are particularly 

dedicated 

* f^flggi alle due Sicilie ed in alcune parli dell* Ape^ 
nino. PaviUf 17 d^y 6 vol. in Svo» 

Is it to a volcano in the air Uiat wc must attribute those 
ibQW^rs of stone3 which have been known to fall at dif- 

Q 4 fereu 
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dedicated to volcanic mineralogy. We seldom 
meet with' any thing in them, except lavas, sco- 
riae, pumice stones, enamels, ashes, sands, vitri- 

ferent periods, -and particularly in Tuscany, on the 
i6thof June, 1794? Several naturalists have adopted the 
affirmative. They conceive that the atmosphere holds in 
solutiQn earthy, metallic, saline^ bituminous, and sulphu- 
reous particles, which occasionally meeting in a cloud 
charged with the electrical fluid, take flame, bum, and 
^rt precipitated in the form of stones. Spallanzani had 
an entirely dififcrent opinion. He rejected the supposi- 
tion of earthy, metallic substances, &c. as being com* 
pletely gratuitous. According to his account, these stones 
have no appearance of vitrification. They contain parti- 
cles of pyrites and crystallized quartz, products whicl^ 
cannot be accounted for on the supposition pf an serial 
tolcano. He is of opinion that the stones must h^ve been 
carried up, already formed from the surface of the earth 
itself by a whirlwind, or violent subterranean eruption. 
In support of this conjecture, he instances the storm at 
Padua, which swept into the air the whole of the roof 
of the public palace, and during which there fell a shower 
of hail-stones intermixed with a number of fresh blades of 
grass. He farther appeals to the testimony of Mercati 
and Lancisi, who assert that thcv had seen difTen nt 
showers of stones rising at first from the surface of the 
earth, and afterwards falling in the same manner as sub> 
jitances ejected by volcanoes. Lcttera sidla pioggia di 
sassi avenuta in Toscana nel 16 giogno del 1794. fBib. 
ph. med, de BnignaiclU, torn. 3, il9^J 

fications. 
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fications, and the ravages of fire. Yet what re- 
gion furnishes more matter for interesting re- 
flections, and agreeable details*, than that 
** which nature seemed to have purposely cre- 
ated to afford the Romans a delicious retreat 
from the toils of conquc ring the world, or to 
make them forget that they had conquered it ;^ 

where the asTies of Virgil are deposited ; — 

« 

Mantua me genuit, Calabri rapu^re, tenet mmc 
Parthenope: Cecinl pascua, nira, duces, 

where Seneca was afraid to sleep for a single night; 
where Propertius suspected his Cynthia of infide- 
lity the moment she arrived in it; where, in shoit, 
after a lapse of so many years, notwithstanding 
the vast changes which it has undergone, and, 
^iptdst ruins of every description, a modem tra- 
veller exclaims — *^ I, myself, feel that this abode, 
though so much changed by a succession of ages 
and the ravages of volcanoes, though reduced to 
a desert, t iiough covered with ruins overhanging, 
or incessantly falling and disappearing amidst 

♦ These detaiU have been given by the learned French 
translators of ^pallanzani's travels^ Toscaa and Duval. 
Their notes to the first vol. contdn the most accurate, 
4ad, at the same lime^ most animated description of the 
environs of Naples. In reading it, I imagined I again 
enjoyed a view of the tomb of Virgil, the passage of ?au-r 
ielippo, the Grotta del Cane^ 8cc. &c« 

the 
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the waves — I, myself, feel that it is still preg- 
nant with danger. It seems to me that this air 
has retained somewhat of its ancient contagious 
powers, from which it is not yet purified. I feel 
my mind softened by the prospects around; by 
the situation itself, and by that indefinitive faint 
shade, which successively extinguishes in the 
heavens, on the surface of the sea, the mountains, 
and the tops of the trees, the last glimmering of 
day. ' Above all, I feel my mind softened by that 
deep silence which, at intervals, diffuses itself 
along the shores, and, amidst which gradually 
swells upon the eai* the soothing concert of the 
evening; composed of the melancholy noise of 
oars which beat the distant tide, the bleating of 
flocks scattered over tlie mountains, the murmurs 
of the waves as they gently die away upon the 
rocks, the rustling of the trees, among whose 
leaves the zephyrs wanton in eternal play — in a 
word, of all those indistinct sounds which wafted 
^far through the heavens, over the sea, and owr 
the land, at this moment form, as it were, the 
inarticulate voice, the melodious respiration of 
slumbering nature." 

f XVIII. 

Can the d liferent parts which compose the 
animal machine, supply the place ot'v^ch other 

4 iu 
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JD tli£ functions which have been distributed to 
them in the primitive order of their organizatipo, 
in proportion as they are connected by an inti* 
mate union or have a mutual communication of 
Jheir habitudes, desires, and wants? — Tliere ar^ 
several instances of this kind of substitution, and 
the organs susceptible of it are pretty numerous. 
That thb change, however, may be effected with- 
put yiolence, it is necessaiy that the action of 
fixe organs should be independent of any mecha* 
pical mode, or that they should be perfectly si- 
milar in structure. In the first case, nature uu- 
fettered by any particular organic disposition, 
jfnoy transfer the seat of her various acts, from 
one part of the bpdy to another, in conformity to 
the laws of excitement. Thus the phenomena 
of vitality, which are as simple in their essence as 
varied in their effects, are found to exist in sys- 
tems of a very different structure, because they 
are not connected with organic combinations, and 
are susceptible of changing place and assuming^^ 
pew modifications, according to the application 
pf the stimulants which determine their actir 
yity*. Hence proceeds an actual change of di*» 

rectioil 



^ It is my opinion that each function of the animal 
economy is coinposed of ^ three/old action, chemical^ 

mechanical^ 
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Tcction m the vital force, from or towards, the 
head, stomach, genital parts, &c. &c. in conse- 
quence of the more active exercise j that is, the 
more powerful excitement of the respective or- 
gans. In the second case, which occurs but 
very rarely, the sameness of means produces a 
conformity of effects. The viscera, for exan. pie, 
%vhicli give out a mucous secretion, such as the 
bladder, the pituitary membrane, and the in^- 
teslines, frequently supply the offices of eacfe 
other; because the vessels of secretion with 
M'hich they are furnished are similaj* in disposir 



mechanical, and vital * ; that the phenomena belonging 
to the laUer^ arc entirely independent of organization $ 
that they are not jcxclusively connected with any particU* 
lar aysten? of organs ; that tlicy afiect all the parts ; thil 
they afjE esdentially erratic, being momentarily resideni 
in this or that viscus, in consequence only of the laws of 
cxcitcuient, or the force of stimulants. These l^ws are 
acknowledged and attended to in the practice of some 
physicians, but I have not seen them included in any 
work upon physiology. I shall explain a few of these 
law^ which have been succrested to mc by Brown, in a 
physiological essay, the materials of which I am inces* 
^iantly occupied in collecting and arranging. 

• See le Plan du Manuel du phynohgistCy ou Prnpos'itione 
fondamentaics dc la sch^ncc de i'ccunomie animale. Mehtf 

tion, 
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tion, and the humour they secrete is composed 
of the same elements. But no kind of change 
or substitution can take place in the functions ' 
performed by organs, which are subordinate to 
a special mechanism, and rigorously connected 
with the external objects which support that me- 
chanism. Thus the eye sees, because it pos- 
sesses an organization fitted to receive the im- 
pression of the luminous fluid ; but it cannot 
hear, because its structure is not adapted to the 
collection of sounds. In like manner, the taste 
cannot supply the place of the sense of smelling, 
because the tongue cannot receive the excitement 
of a sufficient number of the volatile odoriferous 
particle, so as to transmit it to the soisoi^ium 
commune. 

What then are we to think of the bat; which, 
notwithstanding the loss of its eyes*, perceives 
the objects that are in its way, avoids them, and 
afterwards continues its flight in the same direc- 
tion as before? This animal is not furnished 
with a sixth sense; anatom}^ at least discovers 

« 

^ * Letiera sopra U sospetto di un riuovo senso nei, pi' 
J>istrelli, &c. 

Spallanzani's experiments have been repeated with like 
success in Italy, France, and Germany. 

no 
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no indication of it, and analogy cannot bear lis 
X)ut in such a supposition. What other sense 
can supply the place of sight in the bat ? Is it 
thatoftaste^ smell, toiich, or hearing? 

The touch f — However exquisite we may sup- 
pose this sense, it surely cannot inform thcf bat 
of the situation, sometimes at a considerable dis- 
tancc of a ceiling, wall, window, &c. and, be- 
sides, if the extremities be covered over with 
varnish, the animal will still fly in its tisuaT 
manner. 

The smell/ — ^This sense may, indeed, be of 
some utility. It is certain that a bat, deprived 
of its eyes, has a quicker perception of the proxU 
mity ofa living being, than of an inanimate 
body. Yet, if the nostrils be perfectly shut, it 
is found that the bat avoids as before the obsta- 
cles which intercept its progress. In this ex- 
periment, however, the animal soon perishes 
from the difficulty of respiration* 

The taste ! — ^The partial, or total, destruction 
of the tongue, which is the principal instrument 
of this sense, does not prevent the bat from pro* 
ceeding in the same manner^ us when it has both 

its eyes. 

Tk$ 



Th^ hearbigJ — The result of several trials 
equally excluded this sense; but some more ac- 
curate experiments, made by Jurine, of Genei'a, 
have proved, that the organ of hearing actually 
supplies that of sight in the bat. On completely 
shutting up the external ainditory canals of thi» 
uimal, it no longer discerns the surrbunding 
objects J it avoids none of the obstacles in its 
way i bat strikes against the walls, the ceiling, 
fcc This phenomenon, however, is not incapa* 
ble of explanation. The bat cannot fly without 
prodttcing a concussion in the air which inime-^ 
diately surrounds- it ; and the air thus agitated 
necessarily striking against the body in the line 
#f the bat's direction, most re^ct with more or 
kss force on the ears of the animal, inform it of 
the proximity of the object, and dispose it to 
ak^n* its course sa as to avoid it. 

It it undoubtedly a curious fact, that an ani-- 
«al alloitid, in ^manner, see by means of*its ears ;< 
hat our surprize will be lessened, on reflecting 
tiiat th^e is an affinity in very many instances^ 
between ^ laws of sound, and those of lights 
aiul thatauiatoihists find a considerable resem^ 
blance of structure in the organs of hearing and 
^ht, particularly since the celebrated professor 

!!karpa's 
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Scarpa's discovery of the aquo-membranous tutei 
of the ear. 

§ XIX. 

The histpry of physical science does not pre- 
sent us with any instance of a revolution more 
wonderful than that whicli has very lately oc- 
curred in chemistry. Reduced to a small num- 
ber of facts, incoherent, and disfigured by absurd 
and barbarous expressions, a few years have 
been sufficient to change its principles, to enrich 
it with the most brilliant discoveries, to reform 
its language, and to establish a nomenclature the 
most intelligible and philosophical. Henceforth,' 
chemistry, delivered from a foreign yoke, main'* 
tains a distinguished rank among the more perfect 
sciences, and discharges with compound interest 
the debts it had contracted towards medicine, 
physics, and the arts. It must be admitted, that 
chemistry has not yet acquired that degree of 
certainty and stability which it is capable of at* 
taining. Some of its views are, perhaps, still de- 
fective. But, should a few errors, which tim^ 
may remove, make us reject the most perfect 
system, taken as a whole, that lias ever been con- 
ceived? Spallanzani was not much acquainted 

3 with 
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vith the old chemistry ; but no sooner had 
French genius created the new doctrine, than he 
embraced it with enthusiasm, and became one of 
its most zealous supporters. If he wa^ ildt able 
td shaie in the renown of the authors of that 
august edifice, he was desirous, at least, of de* 
fending it against the attacks of the celebrated 
Gottling; It is sufficiently known that this 
chemist asserted, in Consequence of a long series 
rf experiments, that phosphorus does not bum 
but by the action of azotic gas. This was to de- 
stroy one of the grand points of the new theor}% 
tha£t bf the combustidh of bodies beirfg exclu- 
iBively affected by oxygenous gas. Spallanzahl 
repeated the experiments of the professor of 
Jena*, discovered the inaccuracy of his observa- 
tions^ and satisfied himself. 

1. That the brightness of the flame of phos- 
photus fs always i-n proportion to the quantity of 
6xyg^tio\x^ gas contained in the eudiometer.:-^ 

m 

• Chimico esame degli sperimenti del sig. Godlingj 
17^96, in Svo. Mudenay &c. 

I am aware that several celebrated chemists had refuted 
Gottling before Spall anlSanij but I can assure the readef> 
that the latter had begun his experiments long before he 
knew any thing of their experiments or writings upou 
this subject. 

H 2- That 
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S. That agitation and cliange of vessel do not 
always revive the flame of phosphorous : — 

3. That after -the second combustion, the 
phosphorus cannot be re-kindled, even by agita- 
tion or changing the vessel : — 

4. That it is probable, that in the first com* 
bustion, the phosphorous is not acted upon by 
every part of the vital air contained in the eudi^ 
ometer; and that it conies in contact with the 
whole of that air by the agitation of the vessel, or, 
that the water furnishes, in changing the vessel^ 
a small quantity of oxygenous gas : — 

5. That, om pouring a small quantity of vital 
air into the eudiometer, the flame instantly re- 
appears : — 

6. That the combustion of phosphorus is al- 
ways attended with an extrication of caloric and 
anew acid: — 

7. That phosphorus, put into an atmosphere 
of very pure azotic, hydrogenous, or carbonic 
gas, does not burn at all :— 

8. That, if phosphorus plunged into oxygc^ 
nous gpas, begins to burn and emit flame at SS 

degrees 
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degrees only of Reaumur's thermometer; whilst 
it takes fire at \S^% on mixing a small quantity of 
azote with the oxygenous gas, and at 9*, on ad- 
ding to these a little hydrogenous gas ; the con- 
clusion to be thence drawn is, that the azote and 
hydrogen dispose the vital ah* and phosphorus to 
combine more readily, and at a lower tempera- 
ture ; but, by no means, that the azotic and hy- 
drogenous gases are the immediate cause of the 
combustion of phosphorus ; since they are found 
incapable of producing that effect, when sepa- 
rately applied, whilst it is accomplished by the 
vital air alone at a high temperature: — 

9. That the sun does not disengage the vital 
air from azotic gas, except when the experiment 
is made in water ; and that, in this case, it is the 
decomposition of the water which furnishes the 
oxygen, &c. &c. 

Rotten wood, putrescent fish, and other phos- 
phoric substances gave the same results as phos- 
phorus. Our author conceived, that the light 
emitted by glow-worms proceed from a slow 
combustion of pure hydrogenous gas, and sul- 
|ihurated hydrogenous gas. 

H2 Of 
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Of all the branches of chemistry, that with- 
which Spalianzani was most taken was gasology. 
It gave me pleasure to see in his laboratory va-- 
rious apparatus of glass tubes filled with different 
gases, acting upon substances of every kind. I 
was present during the pierforniance of his expe- 
riments on plants inclosed in vessels filled with 
air, or water, and placed in the shade, or exposed 
to tlie sun*. Tliese experiments have throwD 
some doubts on a theoiy which has met with a 
very general reception. It was thought that the 
vegetable kingdom supplies the atmosphere with 
a great part of the vital air, which is consumed 
by animals in the act of respiration. This opi- 
nion was principally founded on the elegant re- 
searches • made by Ingenhousz and Senebier^ 
by ^vilich it appeared, that plants plunged iato 
water, and acted upon directly by the suu s mys^ 
exhale a great quantity of oxygenous gas, Spal* 
lanzani found that the result was similar on per- 
forming these exprcriinuits in the same nianfiei'; 
but it was very different when he left the plaints 
in the shade, and in a vessel filled with atnios-^ 
pheric aii*; then, instead of augmenting tlieoxy- 



* Ltttera al Sig. Gioberty &c. Journal de Brer^ 
lorn, ///. 

4 genous^ 
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j[;enous gas, they considerably diminished it, 
and, by the mixture of carbon which escaped 
from their fibres, changed it into carbonic, acid 
gas, Biit, are not the vegetables which grow in 
the open air infinitely more numerous than those 
which live under water? Are not the greater 
part condemned to a perpetual shade? Do not 
we find many of their organs, leaves, stems, 
blossoms, &c. much more frequently deprived 
of the light, than exposed to its rays? Plants 
must, therefore, draw from the atmosphere a 
much greater quantity of oxygenous gas than 
they supply it with ; and, from their property of 
changing this gas into cajbonic acid gas, must 
contribute rather to corrupt tlaan to purify the 
common air. Spallanzani does not assign any 
positive cause by which an equilibrium can be 
maintained, between the consumption and re-f 
novation of the vital air. He suggested, how- 
ever, that the carbonic adid gas, continually 
difiused through the atmosphere, might, per- 
haps, be restored to its primitive elements by the 
agency of the waters which cover the surface of 
the globe; a new subject which he was the first to 
treat in an elaborate manner; but the results of 
his investigation have never been made public*, 

* They will be found in the papers which he has teft, 
behind him, and they incline to the afiirmativev 

H 3 i xx\ 
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§ XX. 



Spallanzani had made the art of conducting 
experiment^ his particular study. He had per- 
used the works of all those authors who, from ex- 
' ample or precept, might serve as his surest 
guides. Among these may be reckoned Reau- 
mur, Redi, Malpighi, Haller and Musschen- 
broeck. It was, particularly from the celebrated 
essay of the latter " T>t methodo instituenM 
experimenta physica,'^ that he learnt unerring 
rules, solid principles, and the necessity of vaiy- 
ing his processes, so as to consult nature in every 
possible manner, and under every change of ap- 
pearance. He felt the full force of that maxim 
of the physiologist of Berne, ^* est in omnibtM ex- 
perimentis fer. " 

ft 

Such were the principles, and such the method 
of proceeding, which conducted him to the most 
numerous and splendid discoveries in every de- 
partment of natural history, but more particu- 
larly in that which relates to the class of organized 
beings. 

What light, in fact, has not been thrown upon 
the subject of organic reproductions, by his 
wonderful experiments upon the common earthr 

worm. 
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worm, the fresh-water worm, the tail of lizards, 

» 

the head of snails, the extremities and jaws of 
aquatic salamanders? 

By what ingenious but simple processes has 
he not, in a great measure, established the ani-^ 
mality of the infusory corpuseules, which the 
most fascinating eloquence had been employed 
in reducing to the rank of inanimate beings? 

' Who, after Harvey and Haller, has more ably 
obser\Td the numerous and obscure pheenomena 
of the circulation of the blood, calculated its ve* 
locity and momentum, determined its causes, 
and ascertained the circumstances which acce- 
lerate, retard, or suspend its course, and com- 
municate to it a retrograde, vibratory, or inter^- 
mittent motion ? 

l^hat performance • can be more interesting, 
whether we consider its subject or the experi* 
nients which it relates, than that which treats of 
digestion? Who will, henceforth, believe in the 
putrefaction, fermentation, or trituration pf the 
aliments? Who can hesitate to admit that an 
actual dissolution of their principles takes place, 
\)y means of the gastric juice? 

H 4 If 
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If he has not thrown an equal clegree of light 
upon the mechanism of generation*, it is hecause 
the subject is much less susceptible of elucida- 
tion. It mighty indeed, be said that nature has 
done every thing to cover this process with an 
impenetrable veil. But has he not removed a 
part of that veil, by those singular artificial crea- 
tions, which, in a manner, rendered him the ri- 
val of nature ? 

Spallanzani had been several years occupied in 
a most important work on respiration; and* he 
was about to arrange his materialsf, when death 

snatched 

• I have remarked, in page 41, that the sagacity of 
animals, not even excepting the human race, is in prO'* 
portion to the shortness of the neck, or rather to the rcr 
lativc distance of the heart from the brain. May it not 
be added, that thcorgaps of generation are more pr Jest 
prolific, according to xheir nearness to, or distance fVom 
the heart; so that the power and activity of the genital 
system may be regarded as in the inverse ratio of the ez« 
tent and energy of the intellectual faculties? 

t The fruits of so much study and labour will not be 
lost to the sciences. The task of digesting and present* 
ing them to the public, is committed to the celebratccj 
Vcnturi. There arc some who would have wished that 
the editing of this posthumous work had been entrusted 
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snatched him awav in the midst of an under- 
taking which would have greatly augmented his 
reputation. 

Spallanzani 

to Professors Scarpa, Volta, and Presciani. The first 
would have willingly undertaken the arrangement of the 
anatomical facts, the second^hatof the physico-chemir 
pal details^ and the third that of the physiological phacr 
nomcna; for this was the mode in which the author iur 
tended to distribute his materials ; but the family of the 
deceased preferred having recourse to the friendship of 
the professor of Modena; and his zeal and abilities 
ought to inspire us with the most flattering expectations. 

Modem chemistry has thrown the greatest light upoa 
the action and use of the system of respiration. It has 
ascended to the source of that principle which, in subjec- 
tion to the laws of vitality, maintains an equal heat in all 
parts of the body, under every variation of temperr^ture. 
It has discovered the principles which combine with, or 
are separated from, the venous and arterial fluid, &c. 
&c^ There remained, however, several desiderata with 
' respect to this function which Spallanzani has partly 
supplied. He found, for instance, that a great number 
of animals absorb azotic gas; that this gas is decom* 
posed in the interior of the organs, or, more pn^perly 
speaking, that it becomes one of the principal elc- 
pients which encreases their mass and repairs their 
losses : — an element which penetrates the body as much 
]^ ^he lungs and skin as by the chyliferous lymphatiq 

vessels^ 
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§ XXI. 

Spallanzani, on the 5d of Februar}% 1798, 
paid a visit to several of his friends, among 
whom I had the pleasure of being included. He 
went to bed in the evening rather soimer than 
usual, and passed a very restless night, having 
had scarcely any sleep. He felt an acute pain 
in the lower part of the abdomen, and had a re* 
tention of urine. He did not, howevc*r, send for 
any professional man; he was subject to these 
pains, which had always gone off spontaneously. 
About seven in the morning he suddenly lost 
the use of his senses. 

I was soon apprized of his situation ; I in* 
stantly flew to the house of the amiable and il* 
lustrious professor; I found him in bed, ancj af' 
fected with a stroke of apoplexy. 

vessels. Though Spallanzani extended his researches 
to every class of Zoology, yet they were more particu- 
larly directed to the cold-blooded animals. The torpor to 
which they are in general subject, forms an article equal- 
ly new and interesting. The systems of respiration and 
circulation arc connected in a variety of respects, which 
had hitherto escaped the observation of physiolagi8t8| 
and the former exercise i on the ner\'ous svstem, a de« 
gree of influence which they were far from suspecting. 

He 
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He had been already blooded, and enemasi and 
other similar remedies had been administered. 

Scarpa entered, accompanied by Doctor Brenu 
We examined the condition of the patient, di- 
recting our attention principally to tlie region of 
the abdomen, which seemed to be the original 
seati of the disease. It was tense, painful to the 
touch, and extremely sensible below the umbili- 
cus; his urine was entirely suppressed,' &c. &c. 
We agreed to introduce the catheter into the 
bladder. We found very considerable resistance 
to the introduction of the instrument near the 
neck of that organ. A great quantity of urine 
flowed out, which exhibited every appearance of 
an inflammation in the viscus which serves as its 
receptacle. We prescribed the medicines usu- 
ally employed in such cases. 

At noon, the situation of the patient was pretty 
much the same; towards the evening, the symp- 
toms became very alarming ; and it was feared, 
that the approaching night would be his last. 

On the morning, however, of the 5th, Spal- 
lanzani was still in hfe; but his head continued 
affected; his eyes were insensible to the light; 
th^ could not perceive the tears shed by those 
aroimd him ; his ears were deaf to the plaintive 

3 cries 
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cries of friendship; they could hear neither its 
sighs, nor its groans. — Yet his respiration was 
pretty free; liis hingsdid not appear to heaffcctj 
ed, his pulse was frequent and small. The tens^ 
sion of the abdomen was somewliat relaxed; the 
urine was passed involuntarily; the remedies 
seemed to operate with greater effect ; and it was 
conceived, tliat if he survived that night, he 
niight be regarded as out of danger, or, at least 
as not in a desperate situation. 

He survived that night; but our fears were 
not entirely removed; his situation, however, 
was by no means so critical. He frequently 
moved his extremities, and q^plied his hand to 
his head, as if lic complained of a very acute 
Baiu in that part. 

On the 7th the stupor was somewhat abated* 
He seemed to hear; but he answered the ques* 
tions put to him, by signs only; and he had not 
vet recovered the use of his toufrne.— He was fa- 
tigued, and in a state of profuse perspiration; ho 
fell asleep every moment ; the light was partially 
excluded, and the patient was kept quiet; tonics 
were prescribe<l; and he had a pretty good night 

On the 8th, he had entirely recovered the use 
pfhjs senses, recognized his friends, and con* 

vcrscvl 
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versed with thcra. His ideas, however, appeared 
very confused, and his memory extremely Aveak- 
Ever}' thing that had happened, seemed a dream 
to him. He was not conscious of having suf* 
fercd, nor did he now feel any pain j he merely 
felt a very great prostration of strength.. 

' On the day following he attended to the 
offices of religion, and made some family an-angc- 
ments« 

A relapse, however, was still apprehended. 
Tliree days passed without any alteration for the 
worse.— The tempest seemed to be succeeded by 
a calm. — Deceitful security! — On the 12th, all 
the symptoms returned with such extreme vio- 
lence, as to preclude every ray of hope. One 
half of the body was already affected with palsy. 
The pulse beat only at intervals ; the flesh qui- 
vered to the touch. — It was the last struggle of 
life.: — He sunk under it. — Spallanzani was how 
nothing mure than an inanimate massv 

On opening the body, there did not appear any 
remarkable lesion in the head, breast, or prlmsE 
viae. The urinary viscus M'as the only part 
tliat seemed to have suffered mucli. The whole 
of the internal (;oat was destroyed by gangrene; 
— ■ and 
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snd such was the immoderate size of the pro^ 
state gland, that it almost entirely obstruct* 
cd'the internal orifice of the urethra; ;^and, 
thence, doubtless proceeded the resistance which 
was so strongly felt to the introduction of the 
catheter. 

On the evening before Spallanzani was taken 
ill, I had a pretty long conversation witli him re- 
lative to the affinities between apoplexy, and the 
periodical torpor of cold-blooded animals, which, 
occupied his attention at that period. 

§ XXI I. 

Few authors have, during their lives, enjoyed 
a celebrity so splendid and extensive, as Spaiion* 
sani. He saw his name inscribed at the head of 
the most esteemed performances, compared with 
that of the most illustrious philosopher^ and 
every where cited as oiie of the most respectable 
authorities. 

How gratifying must it be to a writer to re- 
ceive from his associates such distinguished 
marks of regard ! It makes him forget the many 
vexations, toils, and difficulties of every kindi 
which he has had to encounter. Public opinion 

shielda 
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shields him against the attacks of satire and th^ 
envious shafts of criticism. He reposes in the 
bosom of immortality, leaving behind him the 
indelible impression of a spotless life, a conduct 
without reproach, and a reputation acquired by 
rendering the most important services to science, 
the arts, and humanity. 

Spallanzani was complimented directly by his 
contemporaries, with the most flattering, but 
justly merited eulogiums. Scarcely any man of 
letters, or lover of the arts, made an excursion 
into Italy, without paying their respects to the 
naturalist of Scandiano. All of them met with 
the most gracious reception ; and all went away 
full of admiration at his knowledge, respect for 
his private virtues, and attachment for his per- 
son* Spallanzani, indeed, possessed every quali* 
fication that could tend to conciliate the esteem 
and friendship of those who had the happiness to 
know him. Kind, obliging, and affable, he 
had the strongest aversion to formality and con* 
straint, and conducted the intercourse of life 
with the utmost • openness and freedom. His 
conversation Was always interesting and instruc- 
tive. He very seldom spoke of his own produc- 
tions ; it was previously necessary to start some 
subject which required that he should allude to 

them ; 
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them; and, even then, he would dexterously 
change the conversation, in order to spare his 
modesty those compliments which flatter the 
vanity of the greater part of writers. 

The Italians were^ certainly, among the first 
to do justice to their fellow-countryman. They 
had the highest opinion of his merit, and the 
writers of that country participated in the 
general adrnkatiou of Spallanzani. It was im* 
possible, that the greater part of them should 
not be conscious of* their inferiority ; and such 
men as Volta, Scarpa, Moscati, Fontana, ancf 
Mascagni, could have no reason to envy his 
glory. 

Foreign naturalists, likewise, paid him tfii 
most honourable tribute of praise. Haller dedi- 
cated to him one of the volumes of his immortal 
work. The founder of the most magnificent edi- 
fice that has ever been ejected to the science of 
man, OM'ed, doubtless, some mark of acknow^ 
ledgement to one who had furnished him witli 
such a number of materials.-^** You have disco*- 
vered to u&," said Bonnet in a letter to hira^ 
'* more truths iti a feiv years, than whole acade* 
mies have done in half a century." This obser*^ 
vation, too, was iiiade before Spallanzani had 

published 



OF SPALLAKZANi. 113 

j^iiblished his mineralogical productions, his che« 
mical essays^ ol- his various papers in natural history. 

Spallanzani Was intimately connected with 
Trembley, Saussure, Tissot, &c. Every one 
knows the esteem and attachment entertained 
for him by Senebier, the illustrious librarian of 
Geneva. The familiar friend of Spallanzani, and 
an enlightened judge of his merit, he incessantly 
celebrated his discoveries, extolled his talent in 
the experimental art, and enrichea with the most 
iiitructive notes the translations which he gave 
of almost the whole of hU works. / 

I- 

The Germans and English hay^ done equal jus- 
tice to the professor of Pavia. Tlie former have 
confirmed by experiments almost all his discove- 
ries; the latter, notwithstanding their prejudice 
against the enquiries of foreigners, have been com- 
petleijito acknowledge the importance of his obser- 
vations on organic re-production> digestion, gene* 
ratior^ &c. ; and tliey have translated his works 
upon these subjects into their own language. 

But France, beyond every other country, 
claims the merit of having assigned to this cele- 
brated man, the honourable rank which he will 
occupy in the annals of history. No sooner 

I w(^re 
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>vere his works known to this nation, than ire 
appropriated them b^ translations executed with 
elegance and fidelity. His discoveries were never 
mentioned biit in term* of admiration, and they 
were adopted almost with implicit belief. His 
name lesoimded in all our schools, and it was 
ev:ery where heard with enthusiasm. Spallan- 
zani was, on his part, neither unjust nor ungrate* 
ful towards^ the French. Impressed, on the con^ 
trary with the most lively gratitude, he took s 
plciisure in inentionmg, both in his writings and 
his conversation, the many obligations which he 
ow cd to them. We have already seen wliat opi- 
nion he entertained of Reaumur and Buffon. 
The fate of Bailly, Lavoisier, Condorcet, Ac. 
drew from him many a bitter tear. Vicq-d'Azir 
was, in his opinion^ the only man who was capa- 
ble of supplying the place of the physiologist 
whose life and writings he has so well described. 
How frequently have I heard him speak in terai^ 
of the highest piaise, of Daubenton, I^crpcde, 
Jussieu, Ifertholct, Fourcroy, Chaptal, Faujas, 
GuitQO-Morvcaiu, I^metheric, Dolomicu, Cu- 
vier, Ilauy, Parmentiei, Vau(}ucrm, &c. &c. f 
1 have mentioned those only who have obtained 
iHstinction by cultivating the sciences which 
were the objects of his particular attention ; but 
he was likewise well acquainted M'ith the names 

3 and 
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and the productions of our principal geometri- 
c:ians, such as Lagrange, Laplace, Lalande, Cou* 
sin, &c. and of our most distinguished physi- 
cians, such as Barthe, Fouquet, Gouan, Portal, 
Bosquillon, Halle, Pinel, Dumas, Baumes, Vil- 
lars, Roussel, &c. 

Spallanzani rejoiced, amidst his retirement, at 
our first efFoits to re-establish, on a long-forgotten 
basis, the imprescriptible rights of nature. But 
when he saw our enthusiasm degenerate into fury, 
arbitrary rule usurp the place of justice, and all 
France groaning under the most oppressive tyran- 
ny, he ceased, any longer, to take an active inte- 
rest in our revolution, and confined himself mere- 
ly to sincere and ardent wishes for our happiness. 

On the re-appearance of a calm, Spallanzani, 
ivho was at too great a distance to be acquainted 
Tvith our intestine divisions, imagined that we 
had, at length, reached the haven of security ; 
and, when the Institute was organized, iie inti- 
mated to his friends a desire of being admitted an 
associate. What more deserving choice could 
have been made by that illustrious assembly? • 

Spallanzani wrote only two performances in 
Latin ; the passage which I have quoted iVoni 
one of them, gives a sufficient proof of t]:e pcr- 

1 2 tectioii 
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fectlou which he bad attained in that langaa^ev 
The Italian literati rank the compositions which 
he published in his native tongue, till about the 
middle of his pubKc Why in the number of those 
which furnish the most complete models of stjle. 
They possess simplicity, elegance, perspicuity, 
method; every thing, in a word, that belongs to 
the tnost correct and polished writer. Kut his 
countrymen are not equally favourable to the ef- 
forts of his pen in the lj>tter period of his life. 
In th^se productions they conceive that they 
discover several prolixities and superfluities, a 
manner refined to excess, and particularly a 
marked afFcctation of giving to his phrases the 
turn of a language, the structure and genius of 
which have nothing in eominon with tliat in 
which he wrote. 



!*■ . Hrs course of lectures embraced the three 
kingdoms of nature, and took tAvo whole years 
in their deHvcry. llie first year was dedicated 
to the natural history of animals, and the se- 
cond to that of vegetables and minerals. His 
auditors wrrr very numerous*'; the etoqciencr 

and 

* He had ooinpiUtcl fur his own ii-c a course o! 
imiumI history, vhi(h will noi ho comiiiitu-d to Un* 
press. 

Aiuunvj 
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and fame of tlie professor, attracted pupils from 
every nation in Europe. In teaching, he did 
not servilely follow any plan, but by a happy 
union of the systematic and philosophic method, 
he formed for himself a new path, which opened 
the most extensive field to his active and fertile 
imagination. He recommended, howeVer, to 
his pupils to consult the elements of Lescke,. 
upon the subject of Zoology, and the works of 
Dnhamel upon that of the physiology of plants; 
for his own attention was occupied M'ith the phe- 
nomena only which related to their internal eco- 
nomy, latterly, he had adopted in ; his course 
of mineralogy the division laid down by thece- 
celebrated author of the new theory of tlic 
earth. 

Among tiie pupils whom he had at Modcna or 
Pavia^ wc may distinguish the Marquis Luchcsini^ Ex* 
minister of the King of Prussia; Belloni, Bishop of 
Carpi; Professor Venturi, Angelo Mozzo^ of Parma; 
MaogiUii^ who succeeded him as professor of natural 
history; LB. Spallanzani^ his nephew^ and honorary 
profes.sorin the University of Bologna;, Salmon, Botta, 
and Rousscl, physleians of distinction in the French ar- 
my; Lagaudre, Beaufils and Revel of Cantal. I, 
likewise, had the advantage of attending, during eighteen 
months, the lectures of Spallanzani, Scarpa, Vplta^ and 
Moscali. 

J 3 Spallan^ani 
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Spallanzant was a member, correspondeut, or 
associate of the academies of Turin, Milan, Ve- 
rona, Mantua, Bologna, Padua, -Florence, 
Sienna, Rome, Naples, Vienna, Petersburg, Got- 
tingen, Berlin, Stockholm, Geneva, Montpellier, 
Lyons^ Paris, London, Madrid, &c. &c.* 

• To complete the preceding sketch of the life of 
Spallanzani, the translator thinks it necessary ta subjoin 
the following extracts firom Senebier's eulogium upon 
that illustrious naturalist : 

'' The stature of Spattanzani was rather tall than short. 
He had a high forehead, lively, dark eyes, a brown com* 
plexion, and a robust frame. He had never felt, during 
the whole of his life, but one fit of fever ; and that he 
caught in coming out of the mines of Schemnitz, in 
very cold weather. In the third year of the Republic, 
he was attacked with a slight retention of urine, and 
some symptoms of the gout, which, however, did not in 
the least suspend his studies.*' ^^ He was adored by his 
relations, whose delight he always was. He nc\'er quit- 
ted them but with regret, and he always returned to 
them with eagerness. He had inspired them with simi- 
lar tastes to his own ; his brother Nicholas, a doctor of 
laws, assisted him when he returned to Pavia. His sister 
is a distinguished naturalist. She is perfectly acquainted 
^b-ith her brother's cabinet of natural histor)*, knows the 
properties of each piece it contains, and is capable of rea- 
soning upon them. Her mind is modelled upon that of 
this great man, >\hom it was a pleasure to her to study 
and imitate." 

INTUODUCTIOX. 
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X HE two first dissertations of the foUowini " 
work are int^ided, in some measure, to extend 
and elucidate that which I published four years 
ago, under the title of '* The Action i i ; 
Heart on the Sanafuiferous Svstem." 

Having since proposed to pursue still farther 
my researches, upon the circulation of the J)Ioo(I^ 
I preferred, for the suljject of these experiments, 
the water salamander. Tlie transparency of its 
vessels, their accommodating flexibility, and the 
purple colour of tlie Wood displayed so clearly 
the phenomena of that important function, that 
I was enabled to gather, from this small quael- 
ruped, a richer harvest erf physiological facta, 
than perhaps ady other has furnished, since tl>c 
discovery of Harvey. 

Farther rescaiches have, however, convinced 
pie, tliat this little animal was insufficient^ fully, to 

1 4 answer 
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answer the object I had proposed. The natu? 
ralist, as well as the philosopher, must not, it 
should seem, confine his attention to any single 
animated being; it is necessary, in ordef to iom\ 
a comprehensive induction, that he should study 
and compare the habits and actions of various in- 
dividuals: by this method ofphilosophisingalone, 
can he ever hope to establish just theories, orexr 
tend the boundaries of the human understand? 
ing. Hence, I have been induced to subject to • 
examination, many other animals, such as frog^ 
grey and green lizards, &c. &c. 

Tlie prosecution of these inquiries has so aug- 
mented my materials, that I have been under tjic 
necessity of not only revising my first essay, but 
of incorporating the whole into a new work, en- 
titled, Experiments on the Circulation of the Biotpd^ 
throK^hout the vascular System. 

The order, and the nature of the. facts have 
since determined me to divide this work, into 
two parts; one of which includes a synthetical 
view of the experimpnts, the other an analysis of 
their results. The same method has been pur- 
sued, in the dissertations^ which relate to languid 
circulation, to the motion of the blood, indepen- 
dent of the action of the heart, and the pulsation 
pf the arteries. 

4 I have 
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I have employed, in all my experiments, the 
Mjatomical instrument of Lyonet*, which pos- 
sesses 

^ Tljis instruipent is, strictly speaking, nqthing more 
than the microscope of Lewenhocck, which is formed of 
^ single lens ; but it is much more convenient, and of 
far more extensive application. — 

It is composed of several pieces ; the lavgest of which 
i$ a box intended to contain the lenses and the necessavjr 
anatomical instruments. Above it is a perpendicular co« 
lumn of copper or brass, about nine or ten inches higbj 
to the point of which a horizontal tattle, of an oval form, 
is attached by means of a female screw. — ^Tbe two sides 
9f this tabl^ have a circular hole, which receives the ex- 
tremity of a small lever, with many spiral turns, by 
means of which, it may be lengthened or shortened, ele- 
vated or depressed, at pleasure. — ^The othet extremity 
s^rvei^ tp support the lens, which the observer may direct, 
at his will, without being qbUged to bold it with his 
hand upon thep^rt which hein^ds to examine. The 
ammal should be pccviopsly prepared, and attached to a 
fmall gibbet, plaped upon tbp hqri^ntal table.. Four 
lenses, two of greater, and two. of less magnifying 
powers, are nece&sary : the (irst will serve to examine the 
capillary vessels^ the globules, &c. ih^ second will es^hi- 
bit at onp view the whole object. 

Although this microscope he of a very simple atmc- 
fure, 1 have^ hqwevfr, thought it necessary togiveadelir 

nea^on 
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sesses the superior advantage of enabling us, I, 
To follow the circulation of the blood, when the 
transparency of the vessels will allow it, from 
the heart, to the extremities, and from the 
extremities, to the heart; 2, To perfonn this 
examination, without altering the natural posi- 
tions of the vessels; and 3, To make our obser- 
vations with reflected light. It would be super- 
fluous, liere, to detail the advantages possessed 
by reflected over refracted light*. The first, 

neation of it. A B represents the box half open at C B ; 
N O the cohimn surmounted by the horizontal tabic 
P Q; R the circular opening which receives the extre- 
mity of the lever R X Y Z, lastly Z Y the lens placed 
at the other extremity of the lever. 

* It is almost needless to observe, that even with tht» 
microscope of Lyonet, the light by which we view the 
object is refracted. What, however, I understand here 
by refracted light, h that which is reflected upon the 
eye, by a mirror placed below the vessels, after having 
suffered a refraction across the red globules ; and which in 
ordinary microscopes, never fails to change, more or less, 
the appearance of the blood. But these inconveniences 
are entirely obviated, by the use of Lyonet's microscope; 
for, although the light reflected by the globules is refract- 
ed across the coats of the vessels, it does not, I am fully 
iODvinred, produce the least change in the appearance of 
the circulation. 

beinjf 
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being reflected from the suiface of the objects, 
represents them under their true forms; the se- 
cond, crossing tJie substance of the body, befoit 
striking the eye, not only alters the colour, but 
sometimes even entirely changes it. (Result 
XXII. Dissert. 11.) These advantages will be 
still more evident, when we consider the mode of 
conducting experiments even at present; for, 
except in viewing the minute parts of small 
fishes, &c. we still follow the example of Lieber- 
kuhn, who, after drawing out the mesentery, and 
securing it by means of hooks, exumined, in 
this position, the motion of the blood, by a ir- 
fracting microscope. However valuable this me- 
thod may be, it is yet very far from giving us a 
perfect knowledge of the phsenomena of the san- 
guiferous system ; for, as the arteries and veins 
of the mesentery, belong to the class of middle 
sized vessels, it is obvious, that we must still 
continue ignorant of what occurs in the large 
and small ones*. 

* The diameter of the vessels diminishing in propor- 
tion to their distance from the heart,' I have divided 
them, for the sake of greater order and prer.i.sion in my 
researches, into large, middle-sized, and small vessels y m 
the first class are included the trunk of the aorta, :xnA 
vena cava; in the second, the pulmonary, the axillary', tlie 
ipesentenc^ Sec. and in the tliird^ the ca|)iliary branches. 
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How many important facts does this ignorance 
prevent us ascertaining? What form do the ar- 
teries assume, at their junction, with the veins? 
Where, and in ^vhat manner, does this union take 
place ? Does the impulse of the heart extend 
to these points of communication? With what 
momentum is the circulation, there, carried on ? 
And what relation has that momentum to tlie 
motion of tlie blood in the large vessels? An 
accurate knowledge of these circumstances 
would lead to very important conclusions in 
physiology, but which we cannot hope fully to 
attain by the means hitherto employed. 

• 

Are we, besides, ceitain that the mesentery 
secured by hooks, continues to perform its natu- 
ral functions? Should not its separation from 
tJie body of the animal, the force employed in 
stretching it, the spasms with which the intes^ 
tii)es are affected, the rupture of the vessel^ 
produced by the forceps, induce us to suspect 
Kome irregularity in the circulation ? — 

These doubts often presented themselves to 
iny mind, and experience has since convinced 
ipe, that the same mesentery examined first with 
the microscope of Lyonet, and afterwards with 
Uic apparatus of liQoks, presented pha^nomena 

fssentjally 
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Tsstntially diiFerent. In the first cast, the arte*- 
rial blood circulated with ecfual velocity, through 
the trunk arid the branches, (except that it 
fnoved somewhat quicker during the diastole than 
the systole, >^heu the strength of the animal be- 
gan to diminish), arid the yenoits redoubleel its 
quickness, in proportion, as it passed from the 
small to the niid<llc-sizcd, and from the middle- 
sized to the larger vessels; but, in the second 
case, the irregularity of the circulatron followed 
with rapidity. At one time, it was unusually 
slow and unequal, at another, ?t entirely ceased, 
in m^my of the vessels; and sometime*, it as- 
sumed a retrograde and vibratory motion. 
(Dissert. I. Sect. I. ) A difference so remark* 
able between these two results, suggested to mc 
some suspicions respecting the accuracy of 
the observations made upon the circulation, by 
former physiologists; observations established, 
for the most part, froq[i the inspection of the de- 
tached mesentery. 

If I may be allowed to express myself with 
freedom, I would say that they appear to me, in 
general, to have deviated from the path marked 
out by nature ; excepting, however, in those ex- 
periments M'hich regard the intestine motion of 
the blood, the rotatory motion of the globule?, 

their 
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their quantity and figure, &c. winch can be de- 
termined, whatever be the position of the vessels. 
It i.s moreover of importance, in some peculiar 
circumstances, that we should give the prefer- 
ence to refracted, over reflected light. (Exper* 
LVIII, XCIX. Dissert. I.) But when our ob- 
jcctis to determine the laws of the circulation id 
the whole vascular system, to ascertain the com- 
parative velocity of the blood in the arteries and 
veins, in the trunks and branclies> to estimate the 
changes of its momentum, in proportion, as the 
animal becomes exhausted, and to make similar 
inquiries, I am convinced, as I hope the reader 
will be, that the mesentery, prepared after the 
manner of Lieberkuhn, can only partially fulfil 
the end we have in view. 

In order accurately to observe the circulation 
of the blood, in the mesentery, or in any other 
organ, the animal must be kept immoveable, 
which may be effected by fixing its legs to a 
small gibbet. If the force, employed for this 
purpose, be not considerable, the blood preserves 
its ordinary motion ; but >vhen we stretch too 
much the extremities, and particularly the ante- 
rior, the vascular system, in consequence of the 
hcai t suffering a preternatural pressure, is thrown 
into the greatest disoidcr. ITiis precaution, 

which 
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ivhich has not hitherto been attended to; or at 
least not pointed out, by my predecessors, appears 
to me to have augmented the number of unusual 
appearances, which they discovered in the circu- 
lation, and which, the omission of another cir- 
cumstance, equally important, seems still farther 
to have increased. 

No physiologist, Haller excepted, has taken 
into account the weight of the blood ; the in- 
fluence of which, however, is of itself sufficient 
to interrupt the regularity of the circulation. 
(Dissert. III. Sect. II.) Unless, therefore, when 
we intend, as I have sometimes done, to exa- 
mine its gravity alone, the vessels must be kept 
in a perfectly horizontal position ; for if they are 
placed in a situation which will allow the weight 
of the blood to exert any influence, upon the 
course of the circulation, it will be impossible 
ever to arrive at precise conclusions. 

Having not only extended my views to the 
^hole of the vascular system, in diffei-ent species 
^f animals*,, but also avoided the inconvenien- 

cicji 

* * * Besides the water sataihanders^ and frogs,* grey antJ 
i;reen lizards, &c. already mrationed, I havc'sufg^cted 

: to 
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cJes attending the usual mode of conctuctiii^ 
such researches, I have thought it incumbent 
upon me to publish my experiments, although I 
am very far from considering that the object I 
had in view, has been completely attained, t 
rolild have wished that my labours should not 
merely possess the remote and secondary 
utility of presenting a few detached facts, and 
circumstances, but that they should fur- 
nish principles, which admit of a direct and 
immediate application to the functions of the 
human body. 

■ 

Analogy appears, it is tfuc, to cotifimi thfe 
truth of this j-elation. The sanguiferous system 
of t' e animals which I examined, has the same 
structure as that of man : in both, the blood is 
composed of globules equally red; and, in both, 
it is propelled from the heart, to the extremities; 
and again etumed from the extremities, to the 
heart I was besides supported by the authority 
of Haller, who had transferred, by analogy, to 
the human body, a great variety of facts, drawfi 
from a single species of animal. Notwithstand^ 

to examination, many other animals, such as the land 8^ 
lamaadcr, the viper^ and a species of water serpent : ul 
all tilt results were the same. 

ing 
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ingthis conformity^ and the example of such a 
respectable writer, I was unable to overcome the 
doubts which were suggested, even by the cot^iv 
parison , which I instituted between cold and 
warm-blooded animals*: the heart of the first con*- 
tinues to beat during some hours after havilig 
been cut out of the body; many of them sur- 
vive, some days, the destruction of this viscus. 
(Dissert III. Sect V.) They possess the fecuity 
of living throughout the winter, and a great part 
of the summer, without food. The motion of 
the blood continues some time after they are de- 
prived of the brain, and even the head itself. 
(Dissert III. Sect IV.) In short, the. circula- 
tion is restored after having been suspended 
during a whole day. (Dissert I. Sect. II.) 

* We give to frogs, toads, salamanders, lizards, eels^ 
serpents, shell-fish. Sec. the name of cold-blooded ani- 
mals, because this fluid in them is nearly of the same 
temperature as the element in which they live. We 
call, on the contrary, those wann-blooded animals 
which preserve a temperature, from about 30®to 3Sl* of 
Reaumur, = to 99° of Fahrenheit. 

In this class are comprehended, man, quadrupeds, birds, 
8cc. These facts may be ascertained by placing a ther- 
mometer in the mouth or blood of these two classes of 

* 

animals, in the first it remains nearly at the same de* 
greej in the second, it rises considerably. 

K These 



These singularities, which do not occur ht 
'WBxmAAooAed animals, jcertainly weakened, in my 
Apprehension, the argument drawn from analogy; 
the appearance of the circulation, in any one of 
them, might have removed every doubt, could I 
)iave observed it with the same ease, and to the 
same extent, as in frogs, lizards, and salamanders. 
Haller, yurho sacrificed so many animals to the pio^ 
notion of science could not discover a single redf 
globule in any wann-blooded animal^ ; and themcK 
tion of the blood, observed by Cowperf, in the 
mesenteric vessek of a dog, a mouse, and a cat^ 
immediately after exclusion, is husufiicieBt to 
establish a general law in the vascular system. 

Partaking the curiosity of tliis anatomist I 
perceived, in reality, the course of the blood in 
the arteries and veins of the mesentery of some 
'kittens ; but it was only discernible for a short 
space of time, and in the smallest branches; trtn 
the thickness of the membranes allowed us only 
to see it in a very confused manner; and I should^ 
I>erhaps, have still continued in the same uncer* 

* Memoir upon the motion of the blood. See* page 89, 
edit. ofLausann^, 1756. 

t Philosophical Transactions, vol. XXIII. No* 880, 
anno 1709, page 118K 



lamty and ignorance, had not one of my fiiendsi 
(Doctor Rezia) by a bappy accident, facilitated 
th$ attainment of my wishes. Repeating, for 
his own information, the fine experiments of 
HaUer, on the formation of the chide, and anx* 
{qus to point out to me the gradual evolution of 
{ts organs^ he presented me one dayan incu* 
hated egg, in which we evidently discerned the 
^xst rudunents of the embfyo, the fmnc^um sa^ 
IknSf. and the umbilicial cord^ covered with a 
beautiful net-work of vessels; This appearance^ 
as astonishing as new, arrested my attention. I 
placed the egg upon the ptyect-stand of Lyo* 
nets microscope; and, notwithstanding the 
brilliancy of the light by Which it was surround* 
ed, I beheld in so clear a manner the circulation 
of the blood in the arteries and veins, that, trans* 
ported with joy, I conceived I might now ex* 
claim, Suptixa, fufuxft ! 

I made this discovery in May, 1771, and I 
occupied myself, during the vacation, to give it 
all the illustration of which it was susceptible. I 
employed the same light as in my experiment^ 
upon cold-blooded animals. I exposed that part 
of the chick; which I wished to examine, to ^ 
beam of light, admitted into a darkened chamber 
through a hole in the window-shutter, by which 

K S means 
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means the ej'e, not berng dazzled by any super- 
fluoHs rays, could readily distinguish the hidden 
springs of the vascular organization. This me- 
thod gave me, besides, the advantage of examinr 
ing the chick at leisure ; because the heat of 
the solar light partly supplying that which is ne- 
cessary to the growth and life of the animal, the 
exercise of its functions continued, for a long 
time, unimpaired. I conducted, in the same 
manner, a great number of experiments upon 
the eggs of European and Indian fowls; and so 
discernible was the circulation, wherever vessels 
could be seen, that is, upon the umbilical cord, 
the membranes, and even the body of the chick, 
that I succeeded in repeating the principal expe- 
riments that I had made upon salamanders, 
frogs, &c. So complete was the identity of the 
phenomena, that I no longer hesitated to apply 
the results of the fiicts which I had observed, iu 
cold-blooded animals, to all those with warm 
blood, and consequently to the human species. 
These experiments opened a road to other truths: 
Inany physiologists have accurately described 
the successive formation of the organs, from the 
moment that tliey fall under the cognizance of 
our senses, to their full growth ; but no one, so 
far as I know, has marked the commencement, 
and the progress of the circulation, as the ani- 
mal 
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mal increases in size, as the vessels expand, and 
the heart acquires additional strength and 
energy. These important labours, which I have 
undertaken, and accompanied with some parti- 
culars respecting the chick, and the tadpole, 
have furnished truths, that appear to me m'cII 
worthy the attention of the reader. 

I may, perhaps, have dwelt too long upon the 
method which I pursued in my experiments: 
respecting the results, however, I shall only 
briefly obsen-e, that some of them agree with 
(hose of the celebrated physiologist of Berne ; 
but the greatest part exhibit very remarkable 
differences, which appear to have arisen from the 
greater number of animals that I have examined, 
and the particular method which I employed. 
His attention was principally, almost, indeed, ex- 
clusively, directed to frogs; but it will be obvious, 
that this single species is insuflicient to afford us 
a complete knowledge of the circulation, parti- 
cularly if we confine our attention, as he has 
done, to the vessels of the mesenterj'. He fol- 
lowed, for the most part, the method of Lieber^- 
kuhn, whilst I employed that of Lyonet, which 
merits, in so many respects, the preference. Far 
be it from me to wish to detract from the merit of 
jthis illustrious author: in pointing out the cause 

p: 3 of 
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df the difference in our results, I have merely 
in view, my own justification^ which the naniQ of 
Haller renders so necessary. I shall conclude 
with a single remark. Having examiAed a vav 
riety of physiological questions, which had been 
the subject of tedious disputes among the. an* 
cients and modems, it was easy for me to have 
pnjbellished my present work with a copious and 
splendid display of eruditioa: this, however^ | 
have avoided, that I might not unnecess^ilj 
trespass upoa the patience of my readers ; ami 
because, however suitable it might be to the 
itTiter of an elaborate treatise, it could prove b^ 
little interesting to the philosophic observer. 
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CIRCULATION OF THE BLOOD. 

DISSERTATION L 

on TIfC PH^NOMTBNA OF THE CZRCULATIOK^ 
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-•« 



SYNTHETICAL VIEW OF THE EXPERIMENTS, 

SECTION L 

On the phenomena of the circulation^ in the large 
and the middle-sized arteries. 

EXPEIUMENT L 

I SELECTED, for the subject of my expe- 
riments, the largest salamanders that could be 
found in our ditches. They are about four 
inches in length ; and have the breast and belly 
streaked with a bright yellow, interspersed with 
blackish spots, which extend to the back, where 
they asssumc a lighter shade. 

To preserA'e the animal in a fixed posture, I 
fastened the four legs to a small gibbet, and af* 
terwards opened the integuments from the tail to 

k4 the- 
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the head, which I folded back, and kept extend- 
ed by means of pins. The cold-blooded animaU 
were prepared in a similar manner; after which it 
was easy to examine, with a lens, the ovaria, the 
fallopian tubes, the vasa defcrentia, the gall- 
bladder, the intestines, the mesentery, thelungg, 
the liver, &c. It was necessary, howexTt, 
previously to remove, in the salamander, a thiu 
membrane, which, after the manner of the pe- 
ritoneum, covers, and is reflected over these 
different parts. The ventricle, the auricle, (for 
the heart of salamanders, and other cold-blooded , 
animals, has only one ventricle and one auricle) 
and the aorta are, moreover, invested with asc- 
cpnd tunic, which J3, perhaps, ouly a rc-duplics: 
tion of the commpn integument. 

The heart of the salamander, inclosed within 
its tunics, (the inmost of which may be said to 
constitute the proper substance of the pericar^ 
diuviy) was, by its alternate motion, the first or- 
jgan that attracted my attention. This viscuSi 
during its systole, shortened, and receded a little 
from* the pericardium; whilst during its dias- 
tole, it became elongated, and raised up this 
membrane, whose resistance caused the heart to 
bend itself towards the auricle, which dilated and 
contracted alternately. But such was the rapid 

actiou 



OF THE BLOOD. tS7 

action of the ventricle, and auricle, that I could 
not ascertain their reciprocal pulsations, al- 
though the transparency of the coats allowed me 
to see these two organs. 

In endeavouring to separate the pericardium, 
the auricle was accidentally torn, so that the 
blood gushed out, and prevented me from con- 
tinuing my examination. 

EXPERIMENT II. 

On a salamander^ trvo grey lizards^ two green li* 
zardsy aftd two green frogs. 

I was 'more fortunate in this experiment, in 
which 1 succeeded in removing the pericardium, 
without in the least injuring either the heart or 
aorta. I have ascertained (this circumstance 
having frequently occurred in the course of my 
experiments) that, by exposing the heart, we al- 
low the liquor pericardii to escape; a fluid, 
which is very limpid, and found in a greater or 
less quantity, in every salamander. The heart, 
deprived of its membranous capsules, rose in the 
diastole, iiKich more than it sunk in the systole. 
To discover the precise degree of this difference, 
I took an iron wire, which I suspended perpen- 
dicularly to the horizon, upon the apex of the 
^eait, so that this muscle could, in its greatest 

elevation, 
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devatioiii scarcely touch it: having then mca^ 
sured the distance of the iron wire from the apex 
of the hearty I found tliat it equalled about one 
line*. The heart of green frogs, of grey and 
green lizards, displa^'ed an action similar to that 
of the salamander; shortening in the systole, 
and lengthening in the diastole, the opening of 
the pericardium allowed the water which it ccm« 
tained to escape. 

EXPERIMENT HI. 

On several salamanders^ grey and green lizards. 

I endeavoured to follow witli my eye the 
course of the blood from the vena cava into the 

♦ It was, at one period, a subject of controversy, whe» 
ther the heart shortens or elongates in the time of its syiu 
tole: an inspection^ hou-ever, of the hearts of frc^ and 
other animals, either in the body or when sqKirateti from 
if> must convince any observer^ tlial our autlior is per* 
fectly correct in affirming, that this viscus is lessened, in 
all it3 dimtiDsions, on each contraction; and that it be« 
comes distended ^d elongated during the period of di* 
latation. From a comparison of the experiments made 
by Drs, Hales and Langrish, it appears^ that the capacity 
of the left ventricle of an ox's heart, at the terminatioa 
of each systole, is to its capacity when fully dilated, 
pearly as I to i]. Vid. Hales's Statical Essays, toK IL 
}^angrisli's Cronean Lectures^ No, 147, M, 11% 

4 auricle,^ 
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auricle, from the auricle into the ventricle, aiid 
from the ventricle into the aorta: but the pul^ 
nations were at fir^t so frequent and so rapid 
that I could distinguish nothing. Having wHu 
td some nioments, I observed the following phse^* 
fifomena : when the blood flovred from the vena 
cava into the auricle, tliis dilated, and was over-* 
east with a deep red, by the numerous globules 
which entered it, under the form of a small pur* 
pie cloud, much more perceptible in the auricle 
of the salamander than in that of grey or greeu 
lizards. The blood afterwards passed into tho 
ventricle, which became distended, whilst the 
auricle was en^ptying itself; afler which, it was 
expelled by the contraction of the heart into 
the great trunk of the aorta. It was, however^ 
necessary, in order accurately to observe the 
course of the circulation, previously to exhaust 
the vigour of the animal. We then saw, with- 
out the help of a microscope, that the auricle of 
the salamander continued to swe)l during the 
time that the vena cava was contracting, an4 
that its systole was performecl more quickly tbaii 
its diastole, 

* 

The present opportunity seemed favourable ta 
examine if the heart emptied itself entirely 
jJHfing the systole. Of this circumstance, howr 

ever, 
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ever, we could not be certain from a mere in- 
spection of that viscuSy owing to the thicknes$ of 
its coats, which allowed us only to conjecture 
that it became empty, as often as it lost that 
beautiful red colour which it assumed during 
the diastole. Tn the grey and green lizards^ the 
heart became extremely pale during each, con- 
traction, as it did, also, in that of salamandersL 
and green frogs, enfeebled by a long want of 
sustenance; but this organ preserved a tint 
somewhat red, if the mass of blood had expe- 
rienced no diminution. 

EXPERIMENT IV. 

I concluded, therefore, that the heart of sala* 
mandcrs and of green frogs in a healthy state, 
retained during each systole a small quantity of 
blood. Wishing, however, still more to con- 
vince myself of this fact, I opened the apex of 
the heart in four salamanders, and in four green 
frogs, towards the end of its contraction; from 
this opening a considerable quantity of blood 
flowed out ; but less than during the subsequent 
diastole. From the heart of those salamanders, 
Qn the contrary, which had been rendered 
extremely pale, hardly a few drops were ef- 
fused. 

EXPERIilENT 
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EXPERIMENT V*. 

The aorta resembled, near the lieart, a small 
intestine^ which, after making a kind of cur- 
vatute, directed its course towards tlie head, 
where it formed a bulb, whose size was sometimes 
equal, and sometimes inferior to that of the ven- 
tricle. At every systole of the heart the blood 
flowed into the great canal of the aorta, in a 
manner so apparent, that if merely a ray of light 
was made to fall upon it, in a darkened chamber, 
the use of a microscope became unnecessary. 
This vessel, however, was not instantaneously 
filled; the blood entered it, under the form of a 
small column perceptible by the eye, whilst the 
artery dilated, and assumed a deep red colour. 

EXPERIMENT VI. 

The results were the same as in the former ex- 
periments, excepting only a new phjenbmenon, 
which I have had occasion often to observe, in 
the prosecution of my researches. Although the 
salamander had been prepared, for a little while, 
and the blood circulated with rapidity, it how- 

* In the experiments where the animals are not 
named^ one or more salamanders must be unaferstood. 

3 ever 



143 ON THt CIRCULATION 

ever stopt all at once in the vena cava, in tlid 
auricle, the ventricle, and the aorta. Having 
discovered that this remora arose from the heart 
itself, which, during four minutes, had ceased to 
beat, I restored the action of this organ, and the 
blood immediately resumed its former course. 

EXPERIMENT VU. 

Ai\er the animal had been fixed upon the gib* 
bet for an hour and a half, the pulsations of th^ 
heart became less frequent, and the aorta appears 
cd to be completely empty, towards the end of its 
contractions: at least, it lost, during the syAtoICi 
all the redness which it had acquired during its 
dilatation. To remove, hoH'evcr, all ambiguity^ 
I made a tranvcrse incision into the contracted 
vessel, from which not a drop of blood was effu* 
sed; but, during tlic following diastole, a very 
considerable quantity flowed out 

iXPERlMENT VIU. 

I repeated the former experiment upon seve* 
ral salamanders that had been fixed for some 
time upon the gibbet : the result was the same. 
If I opened on the contrary the aorta, imme^ 
diately after the preparation of the animal, a 
small quantity of blood always flowed out 

£XP£RlMENt 
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EXPERIMENT IX, 



I then suspected that the diffeienc^ of tliese 
results arose from the different degrees of 
strength of the animal ; that is to say, during a 
state of vigour, the aorta retained a small quan-* 
tity of blood, but became entirely empty, when 
the salamander began to grow feeble. Having 
frequently experienced the happiest effects from 
refracted light upon some other vessels, I was 
led to direct the solar rays, by means of a lens, 
iipou the aorta, which enabled me to ascertain 
that, whilst the circulation continued unimpaired^ 
the aorta retained, during the systole, a smaU 
quantity of blood. I likewise discovered, that 
this fluid then ceased to circulate, and recovered 
its motion only during the following diastole. 
The blood experienced, therefore, a retardation 
in the aorta, more or less considerable, according 
to the longer or shorter interval between the end 
pf the systole, and the cpmmencemei^t of the 
di^stol^ of this vessel. 

EXPERIMENT X 

On three salamanders. 

I repeated, with equal success^ the two fore- 
£Qins experiments. 

^ ^ ^ EXPERIMENT 
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EXPERIMENT XI. 



I continued my examination of the aorfa. 
From its bulb originated four trunks, two of 
which, immediately before reaching the begin- 
ning of the spine, united into a single canal^ 
which descended, without any covering, along 
the back. This canal, M'hich we shall call aorta 
descendensy was concealed from the sight, near 
the origin of the tail. The diameter of the de- 
scending aorta -was evidently more considerable 
at its rise tKan its termihation. Tlie portions, 
however, situated between the branches which it 
produced, were of a size nearly alike^ and rather 
of a cylindrical, than conical figure. 

EXPERIMENT XII. 

On several salamanda^s. 

Tlic pulsations of the aorta were very consider- 
able, and, at every systole, it remained full of 
blood, which ceased to circulate in the two su- 
perior thirds of this vessel, at the moment when 
it contracted, that is, during the dilatation of 
the heart : but, in the inferior portion of tl>e 
aorta, this lluid experienced a less considerable 
remora, so that, having arrived at the extremity 
of the tail, it moved, merely with gieatcr lan- 
guor. 
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»i[ ^oi"* <iuring the diastole, than the systole of the 
heart; 

feXPEftlMENT Xin. 

I 

I 

On two green lizards. ' 

iTifi blood circulated, with considerable rapi- 

i^ty, in the descending aorta, and in such a 

l^nner, that although it stopped for a moment 

Till one part of this vessel, it presented in the 

I tyther an equal and uniform course, nearly as 

we have explained in the last experiment. 

• EXPERIMENT XIV. 

On three grey lizards^ 

^ The circulation was very evident in the de- 
scending aorta. The blood circulated irrcgu- 
hirly, in the superior half of this vessel; but 
UBifonnly, m the portion near the tail ; with this 
I' dtjSTerence, however, that its course was somc- 
r what more rapid) during the contraction of the 
' heart 

The aortaj in grey and green lizards, had a 
pulsatory motion, and retained, during its sys* 
tole, a very considerable pprtion of blood. 
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EXPERIMENT XV. 

On several land and water frogs. 

The results were the same as in experiraeots 
XII. and XIV. The circulation was discernible 
only, in the descending aorta of very small frogs: 
the large ones serving merely the purpose of 
enabling us more accurately to estimate the 
number and strength of the pulsations. 

EXPERIMENT XVI. 

On several salamanders. 

I endeavoured to discover whether the pul- 
sation of the descending aorta took place in aa 
instantaneous or gradual manner: that is, if, 
during the systole of the heart, this artery was 
dilated by degrees through all its course, so that 
the eye could follow, thus to speak, the succes- 
sive degrees of that dilatation : but, it appeared, 
that at the moment when the heart contracted, 
the aorta swelled up at once from its origin to 
its termination. 

EXPERIMENT XVII. 

On txvo grey /izards, tuO green lizards, and 

tuo frogs. 

The aorta underwent, at once, an equal dilata- 
tion, through all its extent. 

EXPERIMENT 
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EXPERIMENT XVIU. 

From the descending aorta, originate several 
middle sized arteries, the most reniarkable of 
which are, the pulmonary and mesenteric. The 
lungs of the salamander are composed of two 
small sacs, or membranous vesicles, stretched 
akmg the abdomen, and usually full of air. Their 
kngth is about an inch, and the animal can fill 
Or empty them, at will, according to the quan* 
tity of air which it inspires, or expires. Each of 
these sacs receives an arterial trunk, which is 
distributed in a right line from the base to the 
top of this viscus. This trunk furnishes, in its 
paiisagCj a great many branches, making, for the 
most part, either an acute or a right angle with 
the artery; which, considered through all its 
extent, presents a cylindrical form. The por- 
tions, however, which are comprised between 
the interstices of the branches, have an unequal 
diameter. 

This trunk exhibited no sign of pulsation. 
The blood moved with velocity, in the superior 
portion of the lungs; but it stagnated in the 
inferior third of the artery and its ramifications. 

An hour afterwards, the circulation ceased 
in the half of the lungs, and the effects of the 

L 2 contractiou 
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contraction and dilatation of the heart, became 
more evident. 

Ah hour and a half later, the course of the 
blood was cmly visible in the seventh part of the 
IiHigs. It is worthy of remark, that as much as 
it advanced during the contraction of the heart, 
80 much did it move backwards during ks dilatar 
tion» The lungs, however, had already collapse 
ed; many of the branches were empty, and 
others of tliem contained only a very small quan* 
tity of blood, 

EXPERIMENT XIX. 

The blood of the pulmonary artery circulated 
with uniform velocity, unless in the most distant 
ramifications, where fts motion became less ra- 
pid. This vessel had no evident pulsation, and 
the blood maintained, on entering tlie branches^ 
its usual quickness. 

The other results were the same as in the last 
experiment. 

EXPERIMENT XX. 

The pulmonary artery displayed three dilata- 
tions, in which the blood became more red and 
less rapid : but no sooner did it emerge, tlian it 

r-ecovercd 
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recovered its original motion and colour. Upon 
the lungs collapsing, the membranes were turned 
in^ so as to conceal from the sight the greatest 
number of its vessels: the arteries, however^ 
were yet visible, Init the blood no longer circu^ 
lated with its accustomed velocity. 

EXPERIMENT XXI. 

On several salamanders and frogs. 

Having proposed to enquire, whether the 
blood lost its velocity in flowing from the trunks 
of the pulmonaiy artery into the branches, I dis- 
covered that it was uniformly the same, what- 
ever might be the angle formed by these vessels. 
In proporton as this fluid advanced into the 
imallest ramifications, its motion abated by de- 
grees ; so that, were we to compare the velocity 
of the circulation in the trunk with that in its 
ultimate branches, the difference would be as 
three to one. 

In frogs, each lol)C of the lung^ is provided 
with two arteries, whose pulsations were scarcely 
discernible ; and they retained, on contracting, 
a very considerable quantity of blood, the mo- 
tion of which was more rapid during the systole, 
than th^ diastole of the heait^ and equalled that 

I* 3 ill 
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in the pulmonary artery of salamanders. Np 
sensible inequality was observable, excepting 
in the most extreme ramifications, between the 
circulation in the trunk and branches, although 
these, for the most part, made with the former, 
an acute or right angle. 

The blood of the frogs was paler than that of 
the salamanders, although they had been both 
prepared at the same time. 

EXPERIMENT XXII. 

Notwithstanding the animal had been recent- 
ly prepared, the blood oscillated in the two pul- 
monary arteries. Although unable, at first, to 
explain the cause of such an irregularity, I af- 
terwards discovered that it proceeded from the 
anterior extremities having been so much drawn 
asunder, as to impede the free motion of the 
heart. Having diminished the extension of the 
extremities, this viscus resumed its original ac- 
tion, and to the oscillation succeeded a very ra- 
pid motion. 

EXPERIMENT XXIII. 

I stretched, considerably the extremities of 
the salamander, to satisfy myself if the oscillation 

would 
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"Would re-commence: it, in fact, re-appeared/ 
and continued until the extension was removed, 
when the blood resumed its original course. 

EXPERIMENT XXIV. 
On four salamanders. 

Having remarked how essential the freedom 
Df the heart's action was to the equality of the 

• - • - 

circulation, I took care in the present, as well as 
in the subsequent experiments, not to stretch, 
in particular, too much the anterior extremities. 
I|j that case, the pulmonary artery displayed not 
the smallest sign of any unequal or oscillatory 
motion. When, however, the strength 'of the 
animal had been somewhat reduced, the circu- 
lation became less rapid during the diastole; 
sometimes, even, it was succeeded by an oscil*: 
latory motion which was propagated, by de^ 
grees, from the smallest ramifications to the 
Irahks themselves. 

EXPERIMENT XXV. 

On several salamanders and land-frogs 

I liave mentioned in the third and fourth expe- 
I'linents, that the heart of salamanders and land* 

L 4 fri>g^ 



ISa OK TH£ CiRCUlATIOK 

frogs did not become completely empty during 
the systole. Having discovered that the free ac^ 
tion of this organ was neces^ry to the regular 
rity of the circulation, I conjectured that this 
residue of blood proceeded, perhaps, from the 
want of a sufficient contraction of the heart, to 
expel it from its cavity: but this experiment 
has convinced me, that the ventricle retains al- 
ways a certain quantity of globules, although it 
has not experienced the least impediment to iH 
action. 

EXPERIMENT XXVL 

■ 

On three frogSy txvo grey lizardsj twa green //i 
zardsy mid txvo salamanders. 

The circulation is often disordered in frogs 
by the pressure which the lungs sustain on open- 
ing the abdomen. Being then extremely dilated, 
they esc:q)e through that place where they meet 
with the least resistance ; that is, by the opening 
which we have made, so that, if it be not suffi- 
ciently large, the lungs experience a strangula- ■ 
tion, which suspends or retards the motion of the 
blood : but this obstacle is no sooner removed, 
than it resumes its original velocity. 

I opened 



OF TBE 3JL00i>* Hi 

. I Opened the lungs wjlb^wt injuriiiLg any 
Ifunk, but they were so coU^>sed that I coul4 
Mother discover blood nov vessels. 

The two arteries which are distributed to the 
l^xigs of grey and green Iv^rds, di^layed a sen^ 
nble pulsation throughout their course; the 
thickness of the men^ranes, however, permitted 
us only to observe the circulation in the trunks. 
Xhe biood was eypelled pfr saltumf much mom 
rapidly during the systiile than the diastole of 
the heart. The: l^rge vessels ren^ained full of 
blood. 

Upi^ii making a slight incision into the lungs 
of the salamanders, the motion of the blood bet 
pame slqwer, but did not entirely cease. 

EXPERIMENT XXVII. 

Tlie mesentery stretched with hooks. 

I turned my attention to an artery, in which 
the blood experienced a retardation only during, 
the diastole of the heart. This artery is divided 
into five branches : the first displayed a dilata- 
tion, in which the blood became of a deeper red^ 
gnd diminished in quickness; it oscillated in the 
jsecond, and preserved ap uniform course in the 

^hree 
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three others ; in two of which, however, its mo* 
mentum was more rapid than in the trunk. In' 
about thirteen minutes, the oscillation was pro- 
pagated to all the branches, and five minutes af- 
terwards, it reached the arterial trunk. This os- 
cillatory motion, did not, however, continue ei- 
ther in the trunk dr branches above three mi- 
nutes; after which, the blood resumed its 
usnal velocity for a (quarter of an hour, and 
then re-commenced its former oscillation. "Tl 
large aitery, which was distributed to another 
portion of tlie mesentery, gave rise to two others, 
the first of which was subdivided into two, the 
second into five branches; all diverging at acute 
angles. In some of these the blood stagnate^!, 
whilst it circulated, or oscillated in others. 

Observing an artery run in contact with a 
vein, in which the blood circulated with extreme 
languor, I conceived it a favourable opportunity 
to ascertain if this artery possessed any pulsa- 
tory motion; as, in that case, some alteration 
must have been produced in the circulation of 
the venous fluid; but I was unable to perceive 
that it had t* xpeiienccd the least change. 



EXPKRIMENT 
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EXPERIMENT aXVUI. 



In preparing the salamander, apart of the me- 
sentery was torn ; enough of it, however, re- 
mained uninjured to dbplay a singular phaeno* 
menon. An artery gave rise to three branches 
of an equal size, in which the blood was distri* 
buted very unequally. The first branch re- 
ceived less than the second, and the third much 
more than the two others. The colour of the 
blood was in a direct ratio to its quantity, that 
ia^palein the vessel which contained least; red 
and purple in that which had the most The 
globules, in the two first branches, were not in 
i:OQtact with each other, and appeared to float 
in an invisible fluid : they were yellowish, and of 
4 round figure. Upon repeating this experi* 
nient with reflected light, the yellowness of the 
globules was changed into red, deeper in pro- 
portion as their number was considerable. 

EXPERIMENT XXIX. 

The blood circulated with rapidity in two ar- 
teries, and two veins, which formed by their in- 
termixture with each other on the mesentery, 
distinct rhomboidal figures. No disorder oc- 
curred in the motion of the blood in the veins, 

at 
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at their union M'ith the arteries: an evident 
proof that these have no pulsation. 

EXPERIMENT XXX. 

The mesentery stretched xtith hooks. 

I observ*edy during two hours, the circular 
tion of the blood in an artery which supplied die 
mesentery with several branches. The follow* 
ing were the principal results of this experi- 
ment During seven times did the blood in the 
artery and its branches alternately oscillate, 
and recover the velocity which it possessed^ 
previously to tlie preparation of tlie salamander. 
The oscillation, which imitated the vibration of a 
pendulum, began in the branches, and was af* 
terwards propagated to the trunk. The retro- 
grade motion of the blood, during the diastole, 
was equal to its progress during the systole. 

EXPERIMENT XXXI, 

The mesenteric vessels of a frog, enfeebled by 
long abstinence, appeared, by refracted light, 
0^ many different colours. The globules and 
coats of the smallest vessels, were of a shining 
white, the middle-sized had a yellowish tint, the 
large ones a vcllow colour, which assumed, in 

proj)ortiQU 
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proportion as the vessels augmented in dia- 
meter, a reddish shade, and presented to our 
view the deepest red in the arterial and v^ous 
trunks. 
« 

This experiment, repeated with reflected 
%ht, gave very different results. The r^d was 
the only colour which predominated in all the 
mesenteric vessels ; somewhat, however, paler in 
the ^mall, than tlie large ones. 

EXPERIMENT XXXII. 
Upon several frogs and salamanders^ ' 

In order to ascertain if these illusions pro- 
ceeded Irom the employment of refracted light^ 
I repeated the foregoing experiment upon sevc- 
lal frogs which had been kept without food for 
* a Ipnger or shorter period. The different tints, 
already mentioned, re-appeared when the exa- 
mination Mas made with refracted light ;^ the 
red, however, was only visible in the laigest 
vessels. These shades disappeared when the 
light was reflected, witli this difference, that the 
red colour was less brilliant in the mesentery of 
those frogs w hich had suffered from a long de- 
privation of food. Some of the animals had 
hQGu reduced to that degree, that scarcely any 

blood 
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blood remained in the vessels; and the intestines 
vere so much contracted^ that the mesentery 
could not be displayed. 

I examined, with these two kinds of light, the 
mesentery of the salamanders ; but as iheir blood 
presented a deep red colour for a much longer 
time than that of frogs, it was necessary to de- 
prive them altogether of food for some months^ 
in order to obtain, by refracted light, that mix- 
ture of colours which appeared in the mesentery 
of frogs. 

EXPERIMENT XXXIII, 

On three salamanders. 

# 

I next examined the figure of the mesenteric 
arteries, and the ratio which subsists between m 
the diameter of the trunk, and that of the 
brandies. The arteries, considered in all their 
extent, were conical, excepting only those por- 
tions situated between the branches, which had 
a cvlindrical form. The capacity of the branches 
always exceeded that of the trunk from which 
they took their rise: this is, indeed, aji univer- 
lal law thvoughout the arterial system. 

EXPERIMENT 
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; KXPERIM©TT XXXIV. 

The mesefitery stretched xvith hooks. 

; The blood oscillated in some of the mesen* 
teric arteries ; in others of them^ its course was 
uniform, but extreme]}^ languid. These vessels 
were divided into many branches; but the 
blood, in passing from one to another, expe- 
rienced no retardation. Tlie fluid contained in 
each artery, was divided into several columns, 
proportioned to the diameter of its ramifications. 
The globules, which on account of their small 
number, could be viewed singly, exhibited no 
rotatory motion, but followed in an uniform 
progression, the course of the blood, 

EXPERIMENT XXXV. 

The mesentery stretched with hooks. 

A mesenteric artery presented towards the 
middle of its course, a contraction, in which the 
blood circulated with augmented velocity. In 
order to ascertain if this increased momentum 
was in consequence of that contraction, I di- 
vided the mesentery, to which several vessels 
were attached. Upon the tension being thus 
3 rcmgved, 
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temoved) these vessels contracted, and the 
diameter, in that porttoii of them opposite the 
incision, was considerably lessened. The blood, 
as I had conjectured, circulated in this part of 
the artery, with increased lapidi^ ; but scarcely 
had it emerged until it resumed its c>riginal 
motion. 

t repeated this experiment upon several other 
arteries, with an unifonn result. 

# 

EXPERIMENT XXXVl* 

The mesentery stretched xcith hooks. 

Although I began this experiment imme^ 
d lately after the preparation of the salamander,-, 
the blood, nevertheless, oscillated in the arterial 
vessels of the mesentery* One artery, after hav- 
ing crossed in a right line a considerable por* 
tion of this membrane, formed several windings^ 
resembling five S : upon reaching the intestine, 
it divided into two branches, one of which madcf 
seven, and the other nine curvatures. Duringf 
the contraction of the heart, the blood recovered 
its usual course in the artery and its tortuous 
ramifications ; which appeared not in the least to 
diminish its original momentum^ This fluid 

4 moved 
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meved in a retrograde direction, during the 
systole, without, however, losing any part of its 
velocity, in traversing the numerous curves, and 
re-duplications of th^se vessels. The oscillatory 
motion disappeared, after the lapse of seventeen 
minutes, and the blood resumed its original mo- 
tion, as in Experiment XXX.; it ceased not, how- 
ever, to circulate with equal rapidity in the 
crooked and straight portions of the artery. 

EXPERIMENT XXXVII. 

Two arteries partly straight, and partly tortu- 
ous, formed upon the mesentery different an- 
gles. The one, after having run in a right 
line, through the whole extent of this membrane, 
made four curvatures, two of which crept upon 
the edges of the mesentery, and the other two 
upon the coats of the intestines. Tlie other 
arteiy, after dividing into two branches, exhibit- 
ed various flexures and circumvolutions. The 
blood, however, experienced no retardation, but 
circulated with equal rapidity throughout all 
these different ramifications. . 

EXPERIMENT XXXVIII. 

I folded back the mesentery in such a manner, 
that those arteries which were naturally straight, 

M formed 
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inonary artery, several air bubbles, which arri- 
ved at the extremity of the lungs with the 

blood. 

« 

EXPERIMENT XLI. 

On three salamanders. 

Four arteries crept along the surface of the 
palate, and after a considerable course disappear- 
ed: two of them sunk into the cranium at 
the distance of three quarters of a line from 
the intenial globe of the eye, the other two into 
the muscular portions of these organs. The cir- 
culation of the blood was carried on in these 
four vessels, with the same velocity as in the 
pulmonary arteries, but continued for a much 
longer space of time. 

EXPERIMENT XLII. 

The blood circulated with equal rapidity in 
the mesenteric trunk, and its different ramifica- 
tions: it only began after seventeen minutes to 
experience the acceleration produced by the con- 
traction of the heart; a few pulsations were ob- 
servable in the tiunk. 

The salamander was of a middle size. 

M 2 EXPERIMENT 
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EXPERIMENT XLHI. 

The arterial mesenteric trunk of a much larger 
salamander during the systole and diastole of 
the heart, ex;|>erienced an alternate dilatation 
and contraction, which were extended even to 
the origin of the mesenteric arteries* 

EXPERIMENT XUW 

Having been unable, notwithstanding the ra- 
pidity of the circulation, to mark any pulsation 
iu the axillary arteries of a large salamander, I 
could not hope to discover that action in tlic 
very small animab of the same species. It oc- 
curred, however, contrary to my expectations, 
in the middle sized arteries of another sala- 
mander. 

EXPEREVIENT XLV. 

On two grey and txvo green lizards. 

Very frequent pulsations occurred hi the 
mesenteric trunk, its branches, and their 
subdivisions; and were evident, at the same 
time, in the aorta, and the arteries, which last 

remained 



remained full gf hlood daring tlie contractioa 
of the heart Tbcte pulsations, however, be- 
came less sensible in proportion as the diameter 
«f the vessels decreased. ' 

During the systole, the circulation increased 
in the mesenteric trunk, and tlie .blood flowed 
in the other arteries with an equal and uniform 
velocity: in proportion, however, as tlie animal 
became enfeebled, the former motion of the 
blood appeared to abate during the diastole of 
the heart 

EXPERIMENT XLVf . 

I endeavoured to discover if the globules ex- 
perienced any intestine or rotatory motion in 
passing the angles and curvatures of the two 
mesenteric aiteries, but, after the strictest at- 
tention, I could distiirg^ish neither the one nor 
the other. It appeared, however, that in strik- 
ing against tiiese angles and curvatures, the 
globules, after two or tliree revolutions, fol- 
lowed the course of the circulation without 
afterwards exhibiting any kind of \ihirling 
jQOtion* 

M 3 EXPERIMENT 
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EXPERIMENT XLVII. 

As the blood circulated during the former 
experiment with extreme languor it seemed 
possible, that had its course, and consequeiitfy 
that of the globules been more rapid, the result 
might have been different. The same experi- 
ment, howev'er, repeated upon this suppositiop 
presented noUiing dissimilar. 

EXPERIMENT XLVni. 

On sis grey and five green lizards. 

The sinuosities and angles of the arteries 
produced no retardation in the circulation: 
nor did the globules experience any intestine 
or rotatory motion. 

SECTION II, 

On the phenomena of the circulation in the 

small arteries and veins. * 

EXPERIMENT XLIX. 

The gall-bladder, in the water salamander, 
has sonic resemblance to a small egg whose apex 
rests upon the liven It is usually filled with 
bile, and its light green colour proves ex- 
trcnnly favourable to the examination of the 
blood vesisels, Mliich consists of two arteries 

and 
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ind three veins. One of theaeuurteriei' crones, 
!n a right line, the wholeextent of tluifUaddec; 
the other, a little smaller,, divides lintoilnm 
branches ; the first taking a retiograde course, 
the Second proceeding to the extremity of this 
receptacle. These two vessels give origin to 
several branches, which are divided or sub- 
divided into innnm^erable ramifications. In 
pursuing this maze of vessels the eye is at first 
distracted, but, in a short time, it can distinguish 
the beginning of three veins whose diameter aug- 
ments in proportion as they proceed from the 
base to the apex of the gall-bladder. The action 
of the arteries, although extrenaply rapid, did 
not, however, exceed that of the veins, except- 
ing only some blanches into which -the blood 
flowed with unusual slowness. . The globules,, 
jyhich moved singly, appeared of a red colour, 
not only when viewed with reflected but evea 
irith refracted light, that is, by a reflecting 
mirror placed under the gall-bladder, ;50 that 
the rays, being refracted across its thick green 
lideSf represented the globules in their natural 
itate. No difference was perceptible between 
the circuhuion in these five vessels and in the 
larger arteries. 

• :^i 4 I made 
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I made a small opening into the gaU»bladdet| 
from which all the bile having escaped, th^ 
motion of the blood immediately ceased. 

BXFERIMENT L. 

On four salamander9. 

The result was the same as in the last experi* 
ment^ excepting only that upon the flowing 
out of the bile, the blood did not cease to cir- 
culate in the vessels of the gall-bladdet. 

EXPERIMENT LI. 

On several salamanders. 

A small artery which had formed on the 
mesentery eleven or twelve curvatures, gave 
rise to several branches ; one of these extended 
to the intestines, where it subdivided into many 
ramifications of a capacity sufficient to contaiii 
a single globule. From these ramifications^ in 
turning back towards the mesentery, pr6ceeded 
a vein which anastomosed with another much 
larger destined to carry the refluent blood to 
the heart. 

These 
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Tbese curvatures did not diminish the mo* 
Qientuin of the blood, excepting only that its 
course was less ttxpid in the middle sized vessels, 
and that in the venous branch, which proceeded 
from the artery, it moved with the same velo- 
city as in the artery itself. It circulated, indeed^ 
slower in the most extreme ramifications. 

Another artery, which presented in its course 
no curve whatever, had scarcely reached the sto- 
mach, before separating into five small branches 
which formed upon the external coat of this 
viscus a beautiful net-work of vessels, in which 
the globules circulated with very great rapidity. 
Tliis net- work was evidently produced by the 
continuation of the extreme arterial ramifications 
into corresponding veins; for in directing the 
microscope upon that part of the stomach oppo* 
site the mesentery, it was apparent, that from 
this intermixture of small vessels several veins 
originated, whose union formed the branch of 
a mesenteric vein in which the blood circulated 
with greater rapidity than in its ramifications. 

EXPERIMENT LII. 

The teguments of the neck covered various 
luuscles, oa which crept a prodigious number 

3 of 
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of small arteries^ proceeding in a* right line to 
the jaws, where they divided into a great num'- 
ber of branches which took a retrograde di^ec- 
tion, and passed into continuous veins whose 
direction A\^as parallel to that of the arteries. 
Thus the muscles presented a double ordpr of 
vessels, one set of which carried the blood up- 
wards, the other downwards ; but in both, the 
circulation was slower than in the middle sized 
vessels of the mesentery. It seemed worthy of re; 
mark, that each vein derived its origin from 
several arterial raqiifications. 

EXPERIMENT LIII. 

The two cartilagious epiphyses of the bone 
with which the humerus was articulated, served 
as a fixed point to two series of arterial vessels, 
extending over the one half of these cartilages, 
where they formed a vein which crept ujipn 
their inferior border. The greatest part of these 
arterial branches anastomosed immediately with 
the vein ; some others terminated, after divid- 
ing into several ramifications. The ftiomentum 
ot* the blood increased in this vein in proportion 
to tiu' au;5:nx*ritiitIon of its capacity, and was more 
rapid tl^an in the small arteries. These vessels 
toulj not he exan:incd in their natural situr* 

Ij twn: 
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tion : hence, the circulation in them ceased 
very suddenly. 

EXPERIMENT LIV. 

The variety of vessels remarked in Experiment 
LII. gave rise to a very important and delicate 
observation. One of the largest arteries which 
crept upon the muscular fibres, very soon divid- 
ed into two branches: one of which continued 
its course towards the head, the other changed 
into a vein, and descended towards the breast. 
During every contraction of the heart, the 
l^Iood augmented in velocity, not only through- 
out the artery but even in a portion of the vein 
itself; with this difference, however, that the 
acceleration diminished in the systole, in pro- 
portion as the blood approached the heart. I 
observed this pha?nomenon more than a quarter 
Kan hour ; unwilling that my readers should 
be led into an error Avhich I myself might have 
committed *. 

EXPERIMENT 

* The reader must not confound these two expres- 
sions^ acceleration of the venous bloody and accehraiion 
of the venous blood during the systole of the heart. 1 he 
first is intended to express a constant acceleration in- 
dependent of the contraction or dilatation of the heart, 
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EXPERIMENT LV. 

A vein which anastomosed with that of the 
)ipleen, originated from two arterial ramifications 
proceeding from the stomach and mesentery. 
The salamander not having been in the smallest 
degree enfeebled, the blood circulated in these 
vessels with the same rapidity as in the pulmo- 
nary artery. 

EXPERIMENT LVI. 

• 

The middle sized arteries of the velum palati 
(Exper. XLI.) were interwoven with a great 
variety of small arterial and venous vessels of a 
capacity sufficient to contain only a single series 
of globules, which appeared of a reddish colour, 
but became darker in those branches where th 



I 



were accumulated in a greater quantity, 
though the globules were at a considerable dis- 

which was more evidcnt^^nd cncrcasctl in proportion as 
the veins iKcame larger, and approached the principal 
trunks, as may be deduced from Experiments XLIX. 
LI. Lill. hv. &c. The second species of accelcntion 
was, in a strict sense, owing to the systole of the heart, 
«iiid continued only during the time of it>* contraction. 

tancc 
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tance from each other, they circulated with very 
great rapidity ; yet not with the same velocity 
as in a capillary vein situated in the middle of 
the palate, which derived its origin and princi- 
pal enlargement from the small arterial vessels 
of wKich we have already spoken. 

A distinguishing feature of the arterial and 
venous system was, that the bloody notwithstand- 
ing the extreme smallness of the vessels, circu- 
lated during several hours with the greatest 
rapidity ; it afterwards abated, and the action 
of the heart did !noC extend beyond the arterial 
nuniiications. 

EXPERIMENT LVII. 

A net-work of small arteries, implanted in the 
coats of the intestines^ appeared to terminate in 
m^veral veins which ran along their sides. 

EXPERIMENT LYIH. 

I endeavoured to discover, 1st, whether the 
vessels which admitted only a single globule at 
a time, were of a cylindrical figure ; 2d, the 
relation which subsisted between the size of the 
globule and the diameter of the vessel ; but 1 

was 
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was unable to succeed in these enquiries with re- 
flected light, and found it essential that the ob- 
ject to be examined should be strongly illumi- 
nated underneath ; even in this manner, however, 
some difficulties were to be overcome, althoughr 
one of the most transparent parts of the mesen- 
tery had been selected for examination. It 
j?eemed, as if the globules circulated without being 
mcloscd, in au actual canal. I perceived that 
the sides of several vessels were of a cylindrical 
form; that their coats were composed of two 
thin and somewhat obscure laminae, whose inte- 
rior apf)carcd of a shining M'hite. The globules 
circulated at a given distance from each other, 
and without coming into contact with the sides 
of the vessels to which, however, they ap- 
proached very near : the difference between 
the size of the globules and the capacity of (he 
vessel was consequently very small. M 

EXPERIMENT LIX. 
On two sa/ama/u/aS' 

In this the result was the same as in the 
preceding experiment. 

EXPERIMENT 
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EXPERIMENT LX. 

i disposed in the form of an arch a small 
mesenteric vessel in Avhich the globules circu- 
lated without actual contact, and with an uni- 
form quickness. After three quarters of an 
hour, an oscillatory motion commenced, and the 
globules moved backwards and forwards,, but 
without striking against each other. 

EXPERIMENT LXI. 

The blood circulated with its usual \elocitv 
in an intestinal vein, although it had twenty- 
'fi%'e cfurvatures. 

EXPERIMENT LXII. 

Salamanders have two ovaries, as mcU as two 
.oviducts, which are extended under the form of 
two whitish cords from the anterior extremities 
to . the beginning of the tail ; their brightness? 
permitted us to see the various convolutions of 
the small vessels, the greatest part of which 
appeared to emerge* from the interior of the ovi- 
ducts, and many others to sink into tli:n\ 1 lie 
distribution of some veins may be compared to 

a shrub, 
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a shrub, with its trunk, branches, and ramifica- 
tions ; tlic circulation, however, was carried on 
with greater rapidity in the trunk than in itsi 
ramifications. 

# 

EXPERIMENT LXIU; 

The brilliant yellow of the belly and breast 
of the salamander, (Exp. I.) presented, at first 
sight, a confused mais of corpuscules : but, on 
examining them with greater attention, we soon 
discovered an intermixture of arterial and venous 
vessels, not more different in their form than in 
their size and length, in which the blood ap- 
peared to circulate with the same quicknesft as ia 
the pulmonary arteries. 

The velocity of the circulation was augment- 
ed by the union of several branches into a single 
trunk. The yello>\Tiess of tlie breast and the 
belly dimiuished in several places the redness 
of the blood, which approached more to a yel- 
low than a red in the branches containing i 
single globule ; it was somewhat yellowish in 
the middle sized vessels, and of a deep red in 
those of a diameter more considerable. 

EXPERIMENT 
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EXPERIMENT LXIV- 

On tearing asunder the jaw-bones of the sala- 
mander, we perceived at the bottom of the pa- 
late, the two eye-balls, of a sky blue, rendered 
paler by the whiteness of the membranes which 
enveloped them. Over these membranes were 
spread a great variety of vessels, whose capa- 
city was only sufficient to contain a single glo- 
bule; and the origin of which could not be 
traced without much difficulty : it was, however, 
easy to perceive them turn back' towarda. the 
jaw-bone, where they formed a small vein, that 
took a direction towards the heart. .The mo- 
mentum of the blood appeared three times 
greater in this vein than in the ramifications 
from which it originated. 

'» 

There is no organ which receives so many ves- 
sabas the lungs: every branch ef the arterial 
trunk furnishes a number of globules which 
moisten the whole surface of the pulmonary 
membrane, excepting some small white portions 
into which the blood rarely penetrates. This 
Quid seemed, at first, not to be confined in any 
canal; and we only began to distmguish some 
traces of vessels in those points where the blood 
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was accumulated intt very great quantity. The 
globules were of a very deep red colour, and 
moved singly in these vessels. 

EXPERIMENT LXV. 

I opened, in preparing the salamander, a mid- 
dle-sized artery in the mesentery*, from which 
issued a considerable number of globules^ under 
the form of ^mall oblong balls. 

EXPERIMENT LXVL 

I examined a mesenteric vessel which receiv* 
fd only a single series of globules at a time } 
they moved with languor, and at a sensible dis* 
tance from each other : their form appeared the 
same as in the pieced ing e?iperiment, excepting 
some, which were of a round figure, and of a 
much smaller size. Suspecting that these last 
were only the points of those which bad appear- 
ed elongated, I fidllowed their course through aU 
the extent of the vessel, but their forn^ and mm 
Bcver changed. 

EXPERIMENT tl^MT. 

i)n a sabmrnxder and a grten lizard. 

Not satisfied with the two preceding expe- 
riments' I placed under the microscope a smaU 

drop 
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dro{]i of blood dra^wn from a live salamander^ 
tad prerioudj diluted with a little water, so 
that I could observe, individually, the globules 
bf which it was composed. Some of them were of 
a round iigiire, a little poiinted ; others spherical, 
and about half the si^e of the ibrmer*. The ve^ 
tous and arterial blood presented the same plw* 
homena; biit in the green lizard the globules 
Irere of dn oval form, and their size hardly equal- 
led, by a fifth part^ thfct of the round globules 
in the ^latnander. 

feXl^ERlMENt LXVIU. 

i txan)ined, by tefVacted lighti t^o srhall 
Wtiches \rhich anastomosed t^ith a veiti of i 

vcty 

'^ The late ceiebfauid Maiort&sl, Mr. Hewson, in bis 
JSxperimtitital Enquiry, See. has informed u^, that ihi 
globules of die human bloody or that of other imnials, 
when diluted with freih iehmi^ or witer inipregnated with 
a given pohion of toy neutral salt^ SO as to imitate the 
natural teruiii, teniaintd unaltered '; and examined^ in 
diis wayi the p&rticlei, improperly termed globules^ ap- 
peared to be flat bodies, having a daric spot in the mid- 
iDe. This figure, he affirms^ was obsdrabte^ not onl^ 
iii extravasated bldod^ but also in that drculating in the 
vessels of living animals. These particles, however, 
Hrhen mixed with water, asimned a spherical figure^ and 
afterwards di$solved^ leaving the little sphere without any 

9 9 covering 
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vcfy consideFabIc capacity. The globules ap- 
peared, m the two first veseck, of a brilliant 
wliite; but hardly hadthey enteied the openinjf 
into the second, until they were changed to a 
pale red. Upon the enii>Ioyinent of reflected 
]4ghty the . shining white assumed a reddisb 
shade, and the pale red was clianged ]«ito a pur-' 
pie colour. 

FAPERIMENT LXIX, 

The internal teguments of the abdomen pre- 
sented a netrwork of vesseb which I exaniincJ 
with refracted light. The blood, in the smallest 
branches, was of the colour of mother of pearl; 
but, upon accidentatly tcarhig some of the ves- 

covcring whatever. Before the vesicle was entirely dis- 
solved^ upon inclining the stage of the microscope, the 
black spot was observed to turn and roll from one; side to 
aSt otiier, like a pea in a bladder. 

On the assumption that Mr. Ilcwson's cxpcrimmti 
were accurate, we must concljiide, that Spallanzani htA 
been led into some fallacy by the employment of water 
alone, and hcnce> that his deductions, respecting the 
spherical and round figure of the globules, are by no 
means conclusive. In mo6t of Mr. Hewson^s cxpcri- 
ients, tlie microscope, with a single lens, was cm- 
Bloyed. R. H. 

3 ,. scls» 
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sels, the globules, when heaped togetlier, as- 
siiniecl a reddish tinty 



♦ 1 



At the extremity (^another small vessel, the 
blood had the appearance of lymph ; but, in pro^ 
portion as the vein augmented in diameter, * this 
fluid became of a darker red . . . 



EXPERIMENT LXX. 

Having placed upon a plate of glass and 
stretched, with .small hooks^ a mesentery which 
I had raised up without detaching it from the 
intestines, I found the vessels full of 'blood. I 
made this experiment with reflected light, aYid 
used a large lens, which I could hoild at a suffi- 
cient distance from the membrane to enable me 
to manage the vessels at pleasure, without dis-' 
continuing the examination. Upon handling 
different parts of the mesentery^ the circulatioti 

• 

was re-animated in all the vessels, and on making 
a large incision into a vein or an artery, a quan- 
tity of blood issued out, in proportion to the 
pressure employed on the sides of the vessel. 
The globules resembled small grains, or mole- 
{^les, partly spherical and pointed, partly roit«d, 
l>ut of a smaller size. The purple colour of the 
yipfiscls wasc^angedinto a.ycllqv.'ish red, a pure 

N 3 vcllow. 
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jfllaw, and even k transparent white, of \vhtdt 
the globules participated in proportion to the tbr 
straction of a smaller or greater quaptity of 
blood. I repeated this experiment in a diffe- 
rent manner, that is, hj forcing the blood from 
the trunk of ti^ie vessel into its branches, untH 
only a few globules remained, when it ioiHier 
diately became of a shining yellow, which was 
changed into red, in proportion as the globule; 
found their way back into the trunk. 



EXPERIMENT XXVTT. 



.t 



From the rupture of a small artery, a consi? 
4^able number of globules were effused upofi 
th^ mesentery, at some dbtance fmni one ana- 
tlier, ^yithout, however, sustaining any diminu- 
tion of motion. These were unquestionably 
subjected to the direction a^d impulse of 
tome invisible fluid, which could only proceed 
from the injured vessel, since the mesentery 
had not previously afforded the least sign of 
humidity. 

EXPERIMENT LXXJI. 

Two small mesenteric veins of a capacity suf- 
ficient to contain only one globule united into 
a trunk, in which a single series of reit molecules 
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circulated at a time. The trunk received alt^« 
tiately the blood which proceeded from thest 
two vessels. When the globules of the one en- 
t^ed into the common canal, those of the other 
branch sometimes stagnated near the openingi 
and sometimes took a retrograde direction with* 
out having experienced the kait collision; 
hardly however had the former entered the trimk^ 
until the latter . fdlowed the same cdur^ 
During half an hour I observed the progressive 
and retrograde motion of these globules, with- 
out ever perceiving them in contact with 
each other. This motion could only proceed 
Irom an intermediate fluid, agitated by the mo- 
bility of the globes re-acting upon those which 
were at rest, and impeUing them to penetrate 
wto the trunk. 

EXPEHIMINT LXXni. 

The young, as well as the full grown salaman* 
ders, are provided with gills, which like those in 
tadpoles, and small toads, consist of two appen- 
dices situated on each side of the head; and 
their edges are notched in such a manner as 
somewhat to resemble, when viewed through the 
microscropc, a stages horn. These organs are 
usually six in number, three on each side of the 
head, and are commonly supposed to answer 
the purposes of respiration. The blood curcu- 

K 4 latedi 
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lated only in the vesseU^. on the exterior part ^ 
the gills, unless in some small branches which 
extended over their whote;surface. At the die* 
^nning of each gill, went out an artery* whic^ 
after rtmnin'g along the Imlf of their circumfer 
rence, turned back and assumed the character 
of a vein; which stretched to the head of the ^ni* 
mal, where it was concealed from the sight. Tlie 
globules appeared to possess elasticity, firom 
their susceptibility of elongation and change of 
iigure ; their size was equal to these in full 
gix)wn salamanders^ excepting only that they 
Vere «all round and somewhat pointed. (Exp. 
LXVII.) The artery at first received seveial 
'globules, but where it changed into a vein these 
corpuscules entered it only singly, the others hgr 
a shorter passage; that is, by the small- trans- 
verse brancheswhiclrformed towards the middle 
of the gills an iutcr-comniuuication between the 
artery and vein. Such Avcre the languid niotiou 
and reciprocal distance of the globules from 
each other in the small branches that any 
change w hich they experienced was easily dis- 
tinguishable. Their size was inferior to the dia- 
jncter of the vessels against whose sides they 
did not seem to experience the smallest friction. 
Upon reaching those portions of the branch 



which presented various curvatures, they were 

elongated 
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elongated so as to lose half their thickness ; and 
even formed an angle more or less acute, cor- 
responding to that of the vessel, but afterwards 
resumed their original form. 

EXPERIMENT LXXIV, 

On a ^recnfro^. 

A prodigious number of small arterial and ve- 
nous vessels, which formed frequent anastomo- 
ses and joinings with each other, were scattered 
on the web between the toes. After the animal 
became enfeebled, the heart seldom renewed its 
contractions ; the effect of which, however, ex- 
tended through all the ramifications of these 
resels. 

EXPERIMENT LXXV- 
On several salamanders. 

From the redness which the heart assumed in 
its diastole I could only expect to discover the 
coronary vessels during its contraction ; it pfe- 
sented, however, nothing but imperfect traces of 
some reddish folds which sunk deep into its 
substance. I discovered at last in a very large 
salamander, that these folds were only so many 
vessels in which . the rapidity of the circulation 

m 
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mthe systole was inproportioa to its kuiguor 
(Ehiriog the diastole. Tlietr number were very* 
considerable^ and tliey appeared to receive at 
once several globules : but I was unable to de« 
termine whether they were arterial or venous 
vessels : it seemed, indeed, on the side of the 
aorta, tliat the -^lood took a direction from th^ 
apex to the base of the heart. 

Convinced by experience that it was only in 
tlie veiy largest salamanders the coronary vea- 
frls could be discovered, I made, with this view, 
a great number of experiments upon these a«i- 
mats, the results of which were uniform. Lot 
^y future observer sliould have recoiftw to too 
vivid a light, it ought, perhaps, to be mentio«-v 
cd, that I found it necessary to employ a beam of 
solar light refracted by means of a lens, in order 
to bring these deep seated vessels immediately 
into view, 

EXPERIMENT LXXVI. 

Oh three salamanders. 

When the salamander had been prepared somo 
time, the circulation ^iis carried on with less la^ 
pidity in the small ramifications, than in th^ 
middle sized vessels, (Exp. LI I.) but af\erwarda 
thb inequality augmented ^ proportion as th9 

st^epgth 
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i ^ U tiigtii of the animal ideclined. ThiiSi the 
blood circulated wiA very diflfereot d^ees of 
velocity in the middle- sized and small vessels 
of the mesent^, stomach, and intestine^, for the 
^Kice of twi^e minutes^ after which, however, 
although it maintained for a considerable time, 
the same momentun> in the middle-sized vessels, 
in the small ones it abated b^ deg^e^ an.d in 
two hours entirely .qease/d. 

The same inequality of circulation did not, 
bowever, prevail in all the vessels of the salaman* 
^ers ; as, for instance, in the numerous small ar? 
teries of the urinary bladder, the blood continued 
|to circiflate fo% mqre than thirteoi hours, with 
^he same quickness as in the middle-sized vessels. 

EXPERIMENT LXXVII. 

Having observed that t}}(^ blood circulated 
3ome time with rapidity in the tissue of small 
yessels (Exp. LIII.) spread amongst the yellow 
streaks on the belly and breast of the salaman- 
der, I endeavoured to ascertain whethef the mo- 
fipn of this flif id continued for a greater length 
pi time in thes^ than in several other ^maU 
;ressels situated on the sto|nach, intestines, 
pvznesj Sec tfie result of this examinatton 
^9, that the circulation ceased ip the latt^ 

'• • .. , •. ,,•.■1; . * i 

4 aft^ 
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after oae^our and three quarters^ but coDtiuucd 
jtwQ hours longer 19 the former 

fiXFEBIMENjr LXXVDI; 

In order to discover whether the circulation 

ceased sooner in the vessels near to, than in those 

at a greater distanccfrom the heart, I selected for 

this puipose the arteries and veins which were 

distributed among the yellow streaks upon the 

breast and tail of the salamander. In both for a 

considerable time, the velocity of the circulation 

was equal; it ceased, however, sooner hi the 

Jattcr than in the foiTncr. 
* ■ • 

expeuimeKt Lxxrx. 

The results were the same as in the last expe- 
riment; the circulation having ceased sooner 
in the vessels at the extremity than in those at 
Jhc oriijiM of the tail. 

■ 

EXPERIMENT LXXX. 

Anxious to observe what effect the interrupt* 
cd action of the heart would produce on the cir- 
culation, I compressed it with my linger so that 
it could neither contract nor dilate. The circuT 
lution, in one artery and one vein, at first lan- 
guished^ and iu uii instant afterwards wholly 

ceased ; 
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<:ea9ed ; but no sooner \>as the compression re- 
moved, than it rewvered its former velocity. 

The interruption of the heart'saction arrested 
arrested the circulation in several other vessels 
of a less diameter, not even excepting the smallest 
red capillaries. The circulation, however, ceased 
somewhat later in the veins than in the arteries, 
which in their turn first resumed the motion 
communicated to them by the action of the 
heart, 

EXPERIMENT LXXXL 

« 

After three seconds, the inertia of tlie heart 
was communicated to the vessels, which crept 
on the yellow streaks of the lo\vt?r belly. Upon, 
however, removing the obstacle to the motion 
of the ventricle and auricle, the circulation Im- 
mediately re-appeared. When the action of the 
heart was only partially suspended, the blood 
experienced a diminution of motion in propor- 
tion to the degree of compression. : 

EXPERIMENT LXXXII.* 

, Hardly had the heart cea§ed tq.contpct^ until 
tiie circulation was arrested in the pijljnonarj 
artery, and became more languid in a small vein 
Sf the gaH bladder, in which it continued to flow 

only 
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only Btven seconds. Upon the re-commence- 
ment of the heart's action the circulation in the 
artery immediately returned, and some seconds 
afterwards in the small vein^ 

EXPERIMENT LXXXIlt. 

The preceding experiment having hetn re* 
peated upon the middle-sized veins of the lungs 
and mesentery, the blood ceased, and resumed 
at the same time in each its ordinary motion. 

EXPERIMENT LXXXIV. 

Vn two salamanders. 

A ligature upon the trunk of the aortA 
suspended the course of the blood through- 
out the vascular system. After six minutes, 
having cut the ligature, the citculation became 
instantly evident in all the arterial and venous 
vessels. 

feXPERiMfe^ LXXXV. 

Upon a repetitidn of the preceding experi- 
ment, the blood after three quarters of an houf 
resumed a languid motion which, iii the en4» 
iKcame very n^id« 

EXPERUOHT 
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EXPERIMENT LXXXVt, 

On two salamanders. 

The circulation suspended during fifteen hours 
hy means of a ligature placed on the trunk of the 
iiorta, was restored in the large vessels upon re-, 
inoving the tie; wfiilst it remained without any 
iq>pearance of motion, in the greatest number of 
the small ramifications. After having been sus- 
pended during twenty hours tlie blood reoover-j 
cd its original motion. 

SECTION III. 

Q» the phenomena tf the circulation in the larg/t 

and middle-sized veins. 

EXPERIMENT LXXXVU. 

On ser^eral salamanders. 

A vein appeared immediately mndcr the perito^ 
ipeum, remarkablp net only fo? it» size, but also 
for receiving no brattche» for about the space of 
an inch. In this vein, the ciFColatiofi was sa 
qiparent, a» to be easily distinguished witboict 
^e assistance of a microscope: it wa^ of a cylin* 
^rical figure, and visible fi'om the base of the t^t 
f» tkei ftve% where it was lost If toamuch vio« 

lence 
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Icnce had not been employed in preparing the 
animal, the blood flowed with uniform velocity 
throughout the extent of the vessel; but if, on 
the contrary, it had been much agitated, the cir- 
culation became unequal, and was carried ox\ 
with greater rapidity at tl^e origin than the tcr- 
mmation of the vein. 

EXPERIMENT LXXXVIIL 

Another peculiarity of this vein was, that it 
contained a prodigious number of small gaseoui 
bubbles, whose course was from the tail to the 
liven Their size, for the most part, ^vas so con- 
siderable as to fill the canal of the vein, from 
1^'hich resulted so much friction as to retard 
their velocity. The density of the bubbles ap- 
peared to augment upon the animal moving its 
tail. From an opening in a small branch some 
drops of blood escaped. 

EXPERIMEh^T LXXXIX.. 

Tills vessel suggested the idea of repeating an 
experiment that I had made upon several arte^ 
ries, to ascertain whether the globules had any 
ftitesthie or rotatory motion. But although I 
C5cafhined them at different times, and in several 
vessels, they appeared to' be only subject to the 
usual la\\-s of tilt' circulation. • 

EXPERIMENT 
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EXPERIMENT XC. 

On several salanuxjiders, 

. The circulation was less rapid in the perito- 
neal vein, than in those. of the lungs: (Exp. 
LXXXVII.) the blood flowed in these with the 
some velocity as in the accompanying arteries. 
The pulmonary veins were universally of a coni- 
cal figure, excepting those portions of them be- 
twixt the ramifications, which were cylindrical : 
their size generally exceeded that of the cor- 
respondent arteries. 

EXPERIMENT XCL 

On two salamanders. 

The blood in the pulmonary veins was m®re 
red than that in the accompanying arteries ; but 
this difference depended evidently on the larger 
capacity of fhe veins, whiqh enabled them to 
contain a greater number of globules; for, 
upon examining these two species of vessels, in 
portions, where their diameters were equal, the 
blood appeared of the same colour. The circu- 
lation in th€ pulmonary veins upon the exposure 
of that viscus to the direct rays of the sun, can 
be readily observed without the help of a mi- 
croscope. 

o The 
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The blood in the pulmonary veins augmented 
in velocity, in proportion as it approached the 
trunk: it, however, in passing from the ramifi- 
cations into the trunk, with which they anasto- 
mosed at right or acute angles, preserved its 
usual momentum. 

The lungs having considerably collapsed, in 
consequence of a slight puncture, the blood step- 
ped in several ramifications, and even in the 
trunk it lost the greatest part of its motion. 

EXPERIMENT XCII. 

I rcccMN c(l, in two watch-glasses, some drops 
of blood tiom the aorta and vena cava of a living 
salamander. The redness and density of the ar- 
terial and venous fluid appeared the same. Upon 
being equally dried, and subjected to trituration, 
they were found to be composed of the same 
elements. 

EXPERIMENT XCfll. 

The diunictcr of the axillarv vein was nuich 
larger than that of the corresponding artery: 
the blood flowed with the same rapidity, M'hcrc 
the one emerged iVoni, and the other entered 
the body .of the animal. This velocity was 

equal, 
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equal, or little inferior to that of the pulmo- 
nary fluid. 

EXPERIMENT XCIV. « 

The surface of the palate presented a little 
below the globe of the eye two parallel veins, in 
which the blood circulated with the same velo- 
city as in the pulmonary vessels. 



'« 



EXPERIMENT XCV: 

The teguments of the breast and belly co- 
.vered on each side a longitudinal vein, which 
anastomosed with several lateral vessels. Its di- 
ameter, which was at first very narrow, augment- 
ed as it received a greater number of branches. 
The circulation increased in proportion to the 
size of the vessel, and almost equalled in the 
widest portion of its diameter, the quickness of 
the arterial and venous blood of the lungs. 

EXPERIMENT XC.VI. 

The trunk of the mesenteric veins, as well as 
those portions comprised between the branches 
to which they gave rise, were of a cylindrical 
figure. These veins were much more numerous 
and larger than the attendant arteries, and the 

o 3 blood 
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blobd circulated with giratcr veJocity in tfie 
trunk than the branches. In the arterial aod 
venous vessels of a given diameter, the blood 
had the same momentum, and the same colour. 

EXPERIMENT XCVII. 
On several salamanders and frogs. 

Tlie blood flowed with more velocity in the 
pulmonary, than in the mesenteric veins of the 
salamander ^ these last presented a variety of dif- 
ferent ramifications upon the intestines, without 
appearing, in the least, to impede the circulation. 

I employed the apparatus of hooks in exar 
jniniiig the mesenteric vessels of five frogs. In 
two of the mesenteries, the blood circulated 
more rapidly in the arteries than the veins ; in 
two others, the velocity was diametrically oppo- 
site, and in the fifth, its motion was the same 
in some arterial and venous vessels. 

Such different results made me anxious to ex- 
amine the mesentery in an equal numl>er of 
frogs, allowed to remain in its nattu-al position ; 
all the five presented an equality of motion 
between the venous and arterial blood. 

EXPERIMENT 
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• To the natural curvatures I added several ar- 
tifkial ones, yet the blood flowed with facility 
from the one to tlie other. Such was their dis- 
position, that they sometimes formed a simple 
contour, sometimes an angle more or less acute 
or obtuse. I had it in my power to give a di- 
rection to the venous fluid, conformable or con- 
trary to its usual motion; yet, amidst the diver- 
sity of so great a number of windings and con- 
>-oIutions, the circulation preserved an equal ve- 
locity. 

EXPERIMENT XaX. 

Tlie red globules in the mesenteric veins ap* 
peared to possess neither intestine nor rotatory 
motion, and flowed, especially when the circula-^ 
tion was languid, much more rapidly in the cen- 
ter, than towards the sides of the vessels. 

Although these vessels had a considerable di- 
ameter, the blood scarcely exhibited any signs of 
motipn, and even th^t was only sensible in the 
series of globules corresponding to the middle of 
tj^e canal; while those, in contact with the sides, 
rcjva^ined perfectly at rest. This experiment was 
fouod tfi succeed better when the mesentery was. 

Q 3 kept 
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kept stretched with hooks, and the examuia- 
tion made with refracted light. The blood os- 
cillated in several mesenteric veins, and the cir- 
culation languished in some others. These irre- 
gularities, when the mesenteiy was displaced and 
stretched with pins, have been already noticed: 
the globules, which moved along the sides of the 
vessels, hardly changed their situation ;* while, 
on the contrarv, those in the middle circulated 
with some rapidity : the first, besides, lost their 
motion before the second, 

EXPERIMENT C. 

In consequence of having been accidentally 
opened, there remained so little blood in the 
trunk of the mesenteric vein, that I could rea- 
dily distinguish the globules at the sides from 
those in the middle, which had a much more 
rapid motion than the former. 

EXPERIMENT CI. 

Anxious to observe if the arteries M-ere subject 
to the same law, I selected two of the largest in 
the mesentery; but the rapidity of the circula- 
tion was so great, that I foimd it necessary to 
wait until it diminished. In about three hours 
the blood stopped during the diastole, and ad- 
vanced 
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vanced daring the systole of the heart. I seized 
the la§t moment of the progression of the Wood 
to exaniine the motion of the globules ; it 
ceased sooner in the circumference than in the 
axis of the vessel, Three quarters of an hour 
later the blood assumed a retrograde motion in 
the diastole, and the globules in the middle be- 
came -first subjected to this direction. 

EXPERIMENT CII, 
On several salamanders. 

m 

I repeated the experiment relative to the ve- 
locitv of the blood, in the trunk and veins of 
the mesentery (Exp. XCVL). The salamander 
was left upon the gibbet until the circulation 
was on the point of ceasing, when the blood 
scarcely moved in three of four veins; whilst, 
in their trunks, it was much more rapid as it ap- 
proached the heart. 

EXPERIMENT CIII. 

The capacjty of the venous mesenteric trunk 
equalled only by one half the sum of the capa- 
cities of its branches, and it was ccjually so in all 
the other mesenteric yeins, compared with tlieif 
Ijranches. 

o 4 I^XPERIMENT 
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EXPERIMENT CIV, 

A mesenteric vein was accidentally straitened 
so as scarcely to ^dmit any red globules. In 
passing this narrow place, the blood augmented 
in velocity, but hardly emerged before resuming 
its original motion. 

In the straitened portion of the vessel were 
occasionally foimed several air bubbles, which 
followed the course of the circulation. 

EXPERIMENT CV. 

On several salamanders. 

I conceived, from former experiments, that 
the blood rarely contained any air bubbles ; fu- 
ture researches have, however, convinced me tha^ 
we can readily produce and increase their num- 
ber. When I stretched the mesentery in such a 
manner that the eye could take in at once, 
through a microscope, all the veins distributed 
to this membrane and the intestines, I never 
failed, upon slightly handling these vessels with 
forceps, to be agreeably surprised by the appear- 
ance of a prodijvious number of gaseous bubbles, 
fcomcwhat resembling oblong spheroids, which, 
almost completely filling the cavity of the ves-» 
scls, pursued a languid course towards the 

mesentery ; 
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mesentery ; but the velocity of these molecules 
increased in proportion to the size of the vessel ; 
their figure became rounder; they even ac- 
iquired a form entirely spherical, and flowed with 
tlie greate3t rapidity one after another into the 
mesenteric trunk, in which they circulated 
with the same celerity as the fluid which served 
^leni for a vehicle. Although these bubbles, , 
in consequence of lateral pressure, were, for 
the most part, of the same size^ yet some of 
them were smaller than others , they were all, 
however, much larger than the red globules df 
the blood. Upon ceasing to irritate the intes^ 
tines and mesentery, the number of air bubble^ 
diminished by degrees, and often altogether 
disappeared ; on the application of a fresh stimu-* 
lus, however, they re-appeared, but only iq. 
those parts to which the effects of the irritation 
(Extended. 

EXPERIMENT CVI. 

Three branches proceeded froqi the spleen;^ 
^hose union formed the splenic veiji. After 
having received another branch, which cama 
from the stomach, it anastomosed with the 
venous mesenteric trunk. This vessel appeared 
^t first to be an artery j fof the blood, instead 

of 
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of flowing from the branches into the trunk, 
passed from the trunk to tlie branches, and 
emptied itself entirely into the interior of the 
spleen. But I soon perceived that n y error 
proceeded from having reversed I'.at viscus, so 
that the blood was stopped in this vessel whilst 
it circulated in the venous trunk with a rapidity, 
which, being communicated to the fluid con- 
tained in the splenic vein, forced it to take a re- 
trograde direction into the branches, and from 
the branches to the spleen ; upon, however, 
replacing it in its natural situation, the blood 
recovered its usual course, that is, from the 
spleen to the branches, from the branches to the 
vein, and from the vein to the mesenteric trunk. 
In the splenic vein the motion of the blood wa3 
more rapid than in its ramifications. 

EXPERIMENT CVII. 

On two salamandcrii. 

As it appeared to me that the languid motion 
ol* the blood might have arisen from the dis- 
j>lacement of the spleen, I repeated the foregoing 
experiment upon two other salamanders, with- 
out altering the natural position of this viscus ; 
but it produced no eftcet whatever upon the 

rapidity 
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rapidity of the circulation. I have not been aWe 
to discover any vein in. which the blood tlowed 
with greater languon 

EXPERIMENT CVIIL 

On fixe salamanders. 

The course of the blood was very languid in 
the middle sized veins of the liver. Several small 
branches proceeded from the extremity of itii 
lobeSj which, after having crept opeiily upon 
the surface of this viscus, formed by the union of 
several other branches a middle-sized vein, 
which was hardly observable, except with ^ 
strong light, from the deep colour of the liver. 
The velocity of the circulation in this vessel, was 
three times less than in the mesenteric veins. 

This experiment having been repeated upon 
four other salamanders, the results were some- 
what different The motion of the blood, how- 
ever, in the mesenteric, was uniformly more 
rapid than in the hepatic veins. 

EXPERIMENT CIX. 

On three salamandtrs. 

The blood is brought back to the heart by the 
superior and hiferior vena cava ; the first is com- 

3 posed 
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posed of two trunks, each of which an2u>toniosed 
with two branches, which chiefly arose froa\ the 
axillary veins. The heart was situated between 
these two trunks ; the left had a diameter more 
extensive than the right. 

The iiiferior vena cava, which received the 
greatest portion of the blood, was much larger 
than the united trunks of the superior. It deriv* 
ed its origin from the extremity of the tail ; and, 
having reached the abdomen, where its capa- 
city became very considerable from the numer- 
ous ramifications received in its passage, it 
penetrated into the liver, whence it went oul 
divided into a double branch, which, afler 
uniting into a single trunk, and receiving tbe 
blood of the pulmonary veins, entered into tbo 
l^urlcle of the heart. 

Many minute vessels crept upon the sides of 
this large vein, of which I could neither dis* 
tinguisU the order uor the species. 

The two Ten(e cavaa^ having more transparent 
poats than the descending aorta, rendered the 
course of the blood very perceptible. 



EXPERlMEt^T 
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EXPERIMENT CX. 

On four salamanders. 

Although a great number of branches anasto- 
mosed with the inferior vena cava, the circulation 
was not carried on with greater rapidity than 
in the middle-sized veins of the mesenterv : this 
held equally true in the superior cava. The 
blood contained in the trunk of these two vessels 
circulated and penetrated, by alternate jets, into 
the auricle of the heart : they had each a pulsa* 
tory motion, corresponding to their size. Upon 
contraction, their diameter diminished, and the 
blood flowed with rapidity into the auricle ; but 
this, during the systole, counteracting the in- 
flux of a part of the blood, it was forced to re- 
gurgitate in the cavas, where it stagnated, or 
took a retrograde direction, in proportion to the 
strength of the animal 

EXPERIMENT CXI. 

The great-est part of the veins, which anasto- 
mosed with the inferior vena cava, were very 
fraall in relation to the trunk ; in like manner 
the four branches which went out from the 
left ovary were of a very small diameter. The 

4 inferior 
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inferior vena cava was sixteen times greater than 
two of these branches ; the capacity of the 
others was still less considerable, and appeared 
even one hundred • and twenty times smaller 
in the fourth branch than in the vena cava. 

Tlie male salamander possessed similar vessels, 
which derived their origin from the testicles; 
one of which was of an equal size with that of 
the fourth branch in the female salamander. 
Tlie blood circulated in these veins with the 
same velocity as in the vena cava; and even lost 
nothing of its velocity in flowing into this vessel, 
although it made, a\ ith several branches, an an- 
gle of more than eighty degrees. Upon aug- 
menting or diminishing the number of angles, 
by changing the relative situation of the parts 
to which the brandies were attached, some irre* 
gularitics in the circulation immediately en- 
sued ; but these very soon ceased, and the blood 
resumed its original velocity, without afteni'ards 
experiencing, from the various flexures, the least 
change in its motion. 

• 

EXPERIMENT CXII. 

Several small veins crept on the bides of the 
aortal trunk, and by their union formed a single 

caua! 
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canal in which the blood moved, per saltiim, and 
in a direction contrary to the arterial Ikiid. 
During the dilatation of the aorta, the circulation 
was arrested in the vein and its branches; during 
the sjstole, however, it recovered its momentum, 
and flowed with rapidity from the ramifications 
into the small trunk. 

EXPERIMENT CXIII. 

On txco salamajiders. 

This small vein having reached the begin- 
ning of the aorta, anastomosed near^ the heart, 
with one of this trunks of the superior cava ; the 
blood contained in this vein, propelled by the 
contraction of the aorta, forced a passage across 
that which filled the trunk of the cava; whence 
resulted a kind of jet, which lengthened and 
enlarged during the contraction of the aorta, 
but shortened and diminished during the dilata- 
lion of that vessel. We may not unaptly com- 
pare this phaenomenon to certain springs, which 
have their origin in places covered with water, 
and which, by forcing a passage to its surface, 
produce in the midst of the water itself an im- 
petuous bubbling motion. The trunk ofvthe 
cava exceeded in diameter, thaf of the small 
vein in the proportion of 2:35 to 1. 

EXPERIMENT 
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EXPERIMENT CXIV. 



Of two middle-sized veins, one received near 
the heart a branch twenty-five times smaller, 
the other three branches which had each a dia- 
meter forty times less. Although these veins 
formed between themselves very acute angles, 
the blood preserved its original motion in pas- 
sing from the one to the other. . 

Although this examination regarded the mid- 
dle-sized veins,, the relation of it here appeared 
to me proper, because it tended to confirm the 
result of experiments CXI. and CXIIL 

SECTION IV. 

Upon the phcenomena of the circulation in the 
vascular system oj the chick^ during the process 
of' incubation. 

EXPERIMENT CXV. 

On five eggs, after forty hours incubation. 

The lunbilical vessels were already visible upon 
the membrane which surrounded the white of 
the e^g^. Two arteries and two veins were like- 
vise observable: the first traverst^d tlic wholtf 

surface 
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iutfacc of the bod^, and the last corresponded 
to the extremities of the chick, which resembled 
a small worm. The blood which verged to- 
wards a yellowish red, circulated somewhat 
slowly, and the red Colour predominated in pro- 
portion as the vessels augmented in diameter, 
that is, as they approached the heart During 
the systole this viscus became so pale as not to 
be perceivable; but, during the diastole it re- 
covered a reddish tint, which rendered it very 
visible. Its contractions were frequent, and the 
blood moved by jets, advancing, during the 
systole, and stopping during tlie diastole. 

It had flowed scarcely fifteen minutes, before 
the heart ceased to beat, and the blood at the 
same time discontinued its motion. All the ves- 
sels remained full of this fluid; and the mole- 
cules of which it was composed, were already 
of a globular form, and of the same magnitude 
as after having acquired a vivid and purple rc;d. 
Upon the rupture of any vessel, the blood im- 
mediately escaped) and assumed a reddish co- 
lour, from the accumulation of the globules 
round' the opening. 

The circulation was hot observable until after 
forty hours incubation. 

P £3tP£AtMENT 
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EXPERIMENT CXVL 

Onfiot eggSj after two days and four hours 

incubation. 

The pulsations of the heart were very fre* 
<jiicnt. This organ was situated as in the centre 
of a circle, at the circumference of which ter- 
niinatcd the ramifications of two arteries in se- 
veral small continuous veins. Tlie union of 
these formed t^vo principal trunks, in which the 
circulation was carried on with greater rapidity 
than in their branches. 

All the arterial ramifications, however, did 
not extend to the circumference; some of them, 
before reaching it, took a retmgrade direction, 
and passed into veins, m hich, in like manner as 
the former, retunicd towarils the heart. The 
blood mc)\ ing by jets in the trvo arteries, circu- 
lated during the systole, through a less space tiian 
in the preceding experiment; stagnating cm 
every diastole, and resuming its course in the 
following systole: during which, it pi-eser\Td in 
the l)ranchcs and ramilications proceeding from 
the circumference, the impulse communicated 
to the trunk ; but its velocity was abated at the 
beginning of those ramifications which did not 

extend 
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extend to this point It lost even that increas- 
ed momentum, in proportion as the distance 
from tlie circumference increased; having then 
an uniform but very slow course. The regula- 
rity of the circulation did not appear to be in the 
least disturbed by the blood flowing from the 
ultimate arteries into the incipient veins. This 
fluid appeared of a yellowish colour in the ex- 
tremities of the vessels, somewhat red towards 
the middle, and of a deep red near the heart: 
the globules exhibited neither intestine nor rota*^ 
tory motion. 

EXPERIMENT CXVII. 

On three eggSy after three days incubation. 

The four umbiUcal vessels were augmented in.' 
all their dimensions ; as well as the heart, which 
communicated a more rapid motion to the ar- 
terial blood ; tn consequence of which, this fluid 
circulated during every systole through a much 
greater space than on the second day : it besides 
preserved a small degree of motion, during the 
diastole. 

The blood was, throughout, of a red colour, 
a little paler, however, in the small vessels. -At 
the time of its dilatation, the heart became very 

p2 red; 
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red ; and unless when the blood stagnated in tTie 
capHlary vessels, it was not aJtogetlicr without 
colour even during its systole. 

The two arteries were partly covered by two 
Tcins, in the same manner as the trunk and 
branches of a tree are entwined by a parasitical 
plant. The ultimate ramifications of one of 
these veins derived their origin from the circimi- 
ference, those of the other from the arterial tcr- 
mmations, without our being able, however, to 
ascertain the precise point of their junction. 

Several other small veins were easily dis- 
tinguishable, which, afterunitingwith the arterial 
ramifrcattions, proceeded isingly to the inferior 
part of the chick, and disappeared. The caftei- 
city of the arteries, at their junction with the 
veins, wns such as only to admit four or live 
globules at once, and • the venous and arterial 
blood were of the same colour. 

EXPERIMENT CXVIU. 

Oil five e^^i^-'fy after three daj/s a Nil four hours 

inctibatiuiL 

The \eins were so situated above tlic arterie??, 
as to conceal the trunks, and the greatest part of 
4 their 
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tfieir branches; die circailadou could therefore 
only be observed in the smallest arteritil rami- 
fications. The blood flowed in the branches 
more mpidly during the systole than the .diastole, 
but its course was ujiiform in the small jraini- 
^cations. The two veins which proceeded fto.qj 
the extremities of the chick (Experiment CXV), 
were cy.lindri<:al ; and in them the blood moved 
with uniform velocity ; but, in those which crept 
iipon the arteries, the circulation was more ra- 
pid in proportion as it approached the heart, 
and they had only a cylindrical figure in those 
portions situated between the ramifications.. 

The arterial and venous vessiels had little co* 
lour; but the heart was very red, especially 
/during the time of its dilatation. In the space 
of an hour, the heart remained altogether in- 
^tiye; a moment later the arterial blood» aud 
;ifterwards the yengus fluid ci:?ased to circulate. 

Upon thp rpcovery of the heart's action, (which 
was sometimes spontaneous, sometimes occasion^ 
ed by touching this organ, or even. moving the 
inicroscope), the circulation was^ instantly re-^ 
established. The vessels remained full of blood 
when the motion of the heart had entirely ceas- 
ed, but the smallest ramifications were frequently 

cot discernible. 

f ^ EXPERIMENT 



814 OS THS CIRCULATION 

EXPERIMENT CXIX. 
Opi two eggs J at the same period of incubation. 

The pha?noniena were the same as in the pre- 
ceding experinrent, but the incubation appeared 
somewhat farther advanced : the blood was of a 
brighter colour, the motion more rapid, and th^ 
vessels of a larger size. The allantois ^vas now 
perceivable, overspread with small veins, in which 
the blood circulated with rapidity. 

EXPERIMENT CXX. 

On one egg, at the same period of tjicubation. 

I again obser\'ed the appearances of the cir- 
culation, when the action of the heart had con- 
siderably diminished, and which had only con- 
tracted for an hour and a half, upon the appli- 
cation of a stimulus. After allowing it to re- 
main at rest for six, nine, and even tAvelve mi- 
DUtes, I revived its excitability; the blood 
which had stagnated during all that time, im- 
mediately resumed its coui-sc, which continued 
until the heart had entirely ceased to beat. 
After nineteen minutes inaction, I had again 
recourse to the most powerful means of excite- 
ment; it only, however, dilated three or four 

times, and the circulation was extremely feeble. 

EXPERIMENT 
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EXPERIMENT CXXl. 



Of I jive eggSy after three days and twelve hours 

incubation. 

The heart became very red during the dias- 
tole, and the blood moved by jets throughout 
the -extent of the arteries, and in the origin of 
some veins. The union of these vessels with 
each other was accomplished in the following 
manner; two or three arterial branches having 
reached a greater or less distance from the heart, 
took a retrograde direction towards this viscus, 
and from the reflection of tlieir re-curved 
branches, gave rise to a vein which after form- 
ing several ramifications, united into a siugle 
trunk. Other two arteries passed into a conti- 
nuous vein of a considerable size, which direct- 
ed its course towards the heart. 

In this junction, however, between the arte- 
ries and veins, whatever might be the diversity 
of windings, and convolutions, of angles, and si- 
nuosities, the blood experienced not the smallest 
jetardation. 

It was im{)ossible to establish a comparative 
CjBtiniate between the velotity of the arterial unci 

p I venous 
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venous blood ; the first circulated during every 
systole, with greater rapidity than the second^ 
and inversely during the diastole of the heart 
The heart ceased to pulsate for an hour and a 
half, and the circumference in which the vessels 
terminated Avas almost invisible ; the blood stag- 
nated, or flowed Aery slowly when these vessels 
could be again observed; but had on the con- 

trary a very rapid motion in those nearer the 

I ' • . . . . . . 

heart. 

The heart nioved irregularly during other two 
hours, and the blood circulated and stagnated 
alternately, whilst the arterial fluid was arrested, 
the venous only experienced a retardation ; oc- 
casioned, no doubt, by the interval between the 
contractions being so protracted, that the mo- 
inentum could only abate in the venous system. 

EXPERIMENT CXXJI. 

On txvo eggs, at the same period of incubation. 

Having conjectured that the jets of the arte- 
rial fluid might depend upon the immediate im- 
pression of the atmosphere, I repeated the fore- 
going experiment, without tearing the mem- 
brane between the yolk and white of the e^^j 
the coats of which were not so thick as wholly 

to 
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po preclude a view of the cirqtil^tipn; the result 
^owever was npt different. 

EXPERIMENT CXXin. 

On one cggy after four days incubation. 

The blood in the chick had not hitherto ap* 
peared equally red^ or displayed such rapidity of 
motion, as in the present experiment, yet, the 
circulation was still very far from being carried 
pn with the same velocity as in salamanders, 
frogs, &c. &c. The umbilical vessels which 
were only distributed to the base of the tgg^ 
had been so much displaced, that they could 
only be examined separately. At whatever an- 
gle a branch went off from any of the two veins 
situated above the arteries, the blood flowed from 
the one to the other with an uniform motion : 
in another vein it assumed an oscillatory move- 
ment, topk a retrograde direction in some of it9 
))ranches, and stagnated ii^ the extreme Ramifi- 
cations. 

These irregularities appeared, however, to 
proceed from some injury sustained during th? 
preparation. 

EXPRBIME?^T 
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EXPERIMENT CXXIV. 

On two eggSy at the same period of incubation. 

None of those irregularities occurred which 
were remarked in the last experiment : in every 
other respect the results were the same. Till 
now, no trace of lymph had been discovered in 
the blood of tlie chick. The globules moved 
almost in contact with each other, and were of 
t pale red colour. 

EXPERIMENT CXXV. 

On trvo eggSy after four days and six hours 

incuhation. 

The external globe of the eye was already bc» 
come very visible, and had several small vesadi 
scattered owr its surface; their coats, however, 
were so thick, that it was impossible to ol>scrvc 
the cirniliition, or to determine whether they 
were arteries or veins. 

The circulatif)n wQ"^ carried on at the circum- 
ference in tlie following manner: The blood 
brought to it by a great number of arteries, was 
carried buck to tiic heart with equal velocity by 
a prodigious number of veins. Their diamc- 

3 ter 
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ter was three or four times less than at the cir* 
cumference, where the blood displayed an uni- 
form course, but in opposite directions, accord* 
ing as it flowed in the arteries or the veins. 

EXPERIMENT CXXVI. 

On one egg, after Jive days incubation. 

This was the first time that the chick moved 
ite membranes, upon being exposed to the in- 
fluence of solar light. The circulation was from 
diis time carried on with the same rapidity in 
the four umbilical veins, as in the vascular sys- 
tem of cold-blooded animals. 

• 

The allantois had become much larger, and 
was entirely vascular; the circulatioii enabled us 
to distinguish the veins from the arteries, which 
were prolonged even beyond the allantois, where 
they changed into so many veins, which termi- 
nated at the point where this receptacle commu- 
nicated with the chick. The blood flowed with 
uniform velocity in these veins, but circulated 
by jets in the arteries from which they ori- 
ginated. 

The circulation was maintained in this egg 
during two hours and a quarter; it ceased in the 

vessels 
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%'essels at the circumference sooner than in those 

at the centre, and, excepting the most extreme 

ramificutions, they ail remained full of blood, 

• 

jXPERjgyiENT CXXVII. 

% • ■ ■ •^ 

On one egg^ at the sanie period of incubation. 

» 

Besides the appearances already mentioned, 
this e^g exliibited, I, A very great variety of 
small vessels which interlaced the M'hole body of 

9 

the chicTt': 2, An auinnentation of flexures and 
• • * . . .. 

cbnvoltitMns, which neither accelerated nop di- 
Hiintshed the momentum of the blood : 3, Such i 
thickness in the coats of the four veins, that the 
circulation in them Avas scarcely obserAable: 4, 
A deeper colour of tlie blood, and a velocity i|i 

■ 

the circulation, perhaps, even greater than ia 
frogs and c>alaman<ier&: lastly, Avery remark^ 
able velocity in the extreme ramifications, and 
an uniform motion in the greatest number of 
the arteries. 

V 

■ V 

• \ • . 

1 "■•*J;.\PER1MENT CXXVIII, 

» ■ • ■ 

Onfour^eggs^ at the same period of ificuhation. 

The results of this were conformaMc to those 
qf the former experiment. 



■ I 
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EXPERIMENT CXXIX. 

0;i one egg, after sir days iricuhation. 

The superior part of the head was somewhat 
transparent, and resembled an air bubble ; its 
vessels were verv numerous, and the motion of 
the blood was perceived through the amnion. 
One of the arteries gave origin to several branches, 
in which the circulation was carried on by small 
jets, less sensible, however, as these diminished 
in capacity. I was not able to discover the 
precise point at which the union took place be« 
tween the arteries and veins. 

I rent the amnion, in order to obtain a more 
accurate view of the vessels, but they were 
mostly all ruptured, excepting twenty small 
veins, the union of whicli formed a common 
trunk, terminating in the contexture of the 
skin, and the blood had a more rapid motion 
in the trunk than in the ramifications. It was 
impossible to :haracterize a small vessel which 
extended from the posterior part of the eye to 
the pupil. 

EXPERIMENT CXXX. 

On one egg, at the same period of' incubation. 

Most of the venous trunks were so opaque» 
that the circulation was only observable in the 

branches 
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branches and their subdivisions, in which the 
blood had a very red colour, and circulated 
with the greatest rapidity. The chick had dug 
in the yolk of the egg a small cavity, into which 
it had sunk ; and Adierem inter-communicated 
several venous and arterial vessels. The greatest 
number of these had a capacity only sufficient to 
receive, at a time, a single series of globules 
that moved with considerable celerity, although 
at a given distance from each other. The small 
ramifications were of a cylindrical figure ; and 
the globules almost came in contact with their 
sides. The impulse of the heart extended to the 
arterial and venous vessels. 

I rent the amnion so as to uncover the chick 
without injuring any of its parts ; the extremi- 
ties already evolved were strewed over with a 
great number of small vessels, from each of 
which originated a vein that terminated in the 
body of the animal. To the head, the neck, 
the back, and the tail, were distributed an in- 
finite' number of arteries and veins, which pre- 
sented the same appearances as the umbilical 
vessels. 



EXPERIMENT 
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EXPERIMENT CXXXL 

On three eggs, after seven dciys mcubatlon. 

Tlie wings, thighs, and legs of the chick, 
were now evolved ; the diatneter of the vessels 
had much ilicreased, and several otliere became 
▼isible. 

EXPERIMENT CXXXII. 

On one egg, after eight days incvhation. 

The membrane of the yolk had its appropriate 
vessels, situated underneath the umbilical arte- 
ries and veins in the white of the tg^ ; and in 
which the circulation was very apparent 

After an attentive examination for one hour 
and a half, these vessels presented the same ap- 
pearances as in the foregoing experiments. The 
beak and inferior part of the orbit of the eyfe 
were separated by two vesicles, partly covered 
fjy some arterial ramifications, in which the 
l>lood circulated by jets, equally rapid as fre- 
quent 

EXPERIMENT CXXXII. 
On one egg, after nine days incubation. 

The membrane of the yolk was furnished with 
a lai'ge artery that had some resemblance to a 

worm 
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worm twisting and unfolding itself. A pulsatorjr 
motion was evident throughout the extent of 
this vessel ; the circulation was carried ott by 
jets ; and during the diastole and systole it re- 
mained full of blood. ; To its sides adhered a 
small vein, in which the motion of the blood 
was sensibly affected b}' the continual pulsatioB 
of the artery. This vein furnished a branch of 
a diameter three times smaller, wherein the 
blood moved with the same velocity as in the 
trunk, although they formed with each other 
almost a right angle, 

EXPERIMENt CXXXIV. 

Oh ttvo eggs, at the same period of incubation. 

I endeavoured to ascertain whether the ar- 
terial stopped before the venous fluid. The cir- 
culation abated and ceased equally throughout the 
arteries and veins in the membranes of both the 
white and yolk of the egg. Tlie languor of the 
circulation enabled me to observe if the blood 
flowed more rapidly in the middle than round 
the sides of the vessels, and I found that ifs 
momentum was greatest in the axis. 
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EXPERIMENT CXXXV. 

On three eggSy after sir daps incubation. 

Upon the toes of the chick cirept a small ar- 
tery ; this vessel, after having reached their ex- 
tremities, changed into a vein, the trunk of 
which ascended towards the opposite side. The 
union of four of these veins formed upon the 
inner part of the foot, a much larger canal^ 
wherein the blood circulated with twice the 
velocity it had in the small ramifications. The 
acceleration of the arterial fluid extended even 
to the veins. 

EXPERIMENT CXXXVI. 
On one eggy after eleven days incubation. 

Besides the appearances in the foregoing ex-, 
periment, a net-work of arteries and veins had 
become evident upon every toe. 

EXPERIMENT CXXXVII. 

On one eggy after twelve days incubatiofi. 

Near the pupil of the eye appeared several 
venous ramifications, whence went out a vein, 
which was distributed to the iris. The blood 

Q stagnated 
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stagnated in some branches, but circulated 
quicker in the vein than in those branches which 
possessed motion. 

The space which separated the eyes was occu- 
pied by a net- work of cutaneous vessels. In one 
series of these vessels the blood was motionless, and 
in the other had only a very languid circulation. 
Upon the meatus auditorius ertenuis were spread 
many small vessels, whence issued an artfry, 
which diverged into several ramifications upon 
the head of the chick. A venous plexus formed 
under the ear a trunk, which disappeared in the 
neck. Although the egg had been opened an 
hour and three quarters, the l)lood moved in this 
trunk with the greatest rapidity. 

EXPERIMENT CXXXVIII. 

On one egg, after thirteen days incubation. 

The diameter of the umbilical vessels had so 
much augmented, as to fill the whole space be- 
tween the base and the apex of the egg. Hav- 
ing opened the intermediate portion, I observed 
three veins, which brought back the blood at an 
obtuse angle; they did not anastomose^ for a 
certain extent, with any vessel; but, upon re- 
ceiving new branches^ the motion of the blood 

became 
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Ijlicame immediately accelerated. Having broken 
a greater portion of the shell, I perceived a small 
artery, which changed into a vein, the trunk of 
which pursued a direction towards the.heart pa- 
rallel with the vessel whence it originated, with- 
out receiving any other branch. The motion 
in these two vessels were equal during three 
quarters of an hour, after which the arterial fluid 
was evidently actuated by the impulsion of the 
heart. I had not, until now, obser\^ed any ga- 
seous bubbles in the vessels of the chick: they 
were produced at intervals, and passed rapidly 
from the branches into the venous trunks, where 
they were still apparent, although the thickness 
of the membranes did not permit us any longer 
to observe the circulation of the blood. . 

EXPERIMENT CXXXIX. 

On one egg, after foartctn days incubation. 

The body of the chick being now covered 
with feathers, the circulation could only be ob- 
0er\'ed in the neck, which was yet bare, and in 
which a large vein was ^parent, wherein the 
blood flowed with great rapidity, although the 
chick exhibited no external signs of life. This 
vessel anaston^osed with a great number of rami- 
fications; and the blood entered the trunk with 

qS iti 
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its usual quickness, although the ramifications 
had a diameter fifty times smaller. 

From every side of the beak went out two 
small veins, which poured, by degrees^ the blood 
iato the interior parts of the head. The tongue, 
and inner sides of the mouth, were supplied with 
a prodigious number of small vessels, in which 
the. circulation was so languid, that we *could 
scarcely dktinguish whether they were arteries 
mr veins. 

EXPERIMENT CXL. 

On ofie egg, at the same period of Incubation. 

The membrane investing the yolk at the apex 
of the egg, received a large artery, in which the 
pulsations corresponded to those in a double 
branch proceeding from it But the thickness 
of its coats permitted us only to observe the cir- 
culation in the smallest branches. The accelera- 
tion experienced from the impulsion of the heart, 
succeeded with so much frequency that the eye 
jcould scarcely distinguish it. 

EXPERIMENT CXLI. 

On one egg, ajlcr fifteen days mcubaiiou. 

The preparation of the c^g had so much- dis- 
•ordered the vascular system, as to give to the 
*^- blood 
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Jilood a languid, rapid, oscillatory, or retrograde 
motion, according to the distrilnition of the ve»^ 
mIs. The feathers, which covered the body, 
prevented us tVom observing the circulation 
vhich was not now even apparent in the extremi- 
ties where tlie vessels had penetrated, and were 
ftlmost concealed in the contexture c^ the skin. 

EXPERIMENT CXLU. 

On o)ie €gg^ after sixteen days incubation. 

Two large veins in the membrane, which co- 
vered the apex of the yolk, conducted rapidly 
towards the heart several air bubbles : tlieir mo* 
tion was perfectly evident, although we could 
not distinguish the course of the blood, from 
Hbe increased thickness of the tunics. 

The rupture of any vessel produced an imme- 
diate elTusion of blood. 

EXPERIMENT CXLIIL 

On four eggSy after nineteen days and txvelve hour§ 

incubation. 

Towards the end of the incubation, the umbir 
Heal vessels adhered so closely to the pellicle 
lining the interior parts of the shell, that it 
was impossible not to rupture them in raising up 

Q 3 this 
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this membrane : by moistening it, however^ 
with a little tepid ^vater, it was easily detached 
without tearing any of the vessels. In . the 
trunk and the principal branches, the circulation 
could not he observed, and scarcely even in the 
capillary ramifications; in which, however, it 
had not before appeared equally rapid. The 
globules possessed only a progressive motion, 

EXPERIMENT CXUV. 

On jvot Turkey eggSj after four days incubation. 

These eggs presented two appearances different 
frpm those of the domestic fowl. 1. The um- 
bilical veins were not incumbent upon the two 
arteries (Exp. CXVII, CXVIII); they were, on 
the contrary, separated, so that the blood formed 
four currents, two proceeding from, and two 
which returned to the heart. These four ves- 
sels possessed an ecjual diameter; and in propor- 
tion as the blood reached nearer to the heart, its 
circulation became more rapid in the veins, and 
W'as carried on by jets in the arteries. 2. Th« 
momentum produced by the action of the heart, 
was communicated to all the veins which arose 
from the flexures of the arterial vessels; M'ith this 
difference, however, that it diminished as it ap-^ 
preached the heart. 

SECTION 



> 
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SECTION V. 

On the phceiiomena of the circulation in the vascu- 
lar system of tadpoles^ from the period ofexclu* 
mn to their transformation into frogs. 

EXPERIMENT CXLV. 

Second day after exclusion*. 

These animals are formed of a flat and elon- 
gated tail, and a small globe, which, in confor- 
mity to the common mode of expression, we 
continue to denominate the head, although it 
includes the greatest part of the body. The cir- 
culation was not yet visible : but we began to 
distinguish the pulsations of the heart, like a 
point continually in motion, without, however, 
being able to ascertain whether it contracted or 
dilated ; the transparency of its sides permitting 
us only to observe the motion with which it was 
agitated. 

During the first day, the punctu7n saliens was 
not discernible. 

* In order to provide myself with a sufficient number 
of tadpoles^ I hatched the eggs in a vase half filled with 
fountain water. I supported the young with the water 
lentil^ and they were evolved and encreased in this man- 
ner^ without any other attention than renewing the wa- 
ter and food. 

, q 4 As 
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As the tadpoles perished when out of water, I 
therefore examined them in a watch-glass filled 
with this fluid. 

EXPERIMENT CXLVI. 

Third day. 

Thepunctum saliens had now become more evi- 
dent, but preserved, however, its transparency. 

EXPERIMENT CXLVII. 

Fourth day. 

The transparency was not uniform; that is, if, 
during the moment A, the punctum saliem wis 
transparent, it assumed, in the moment B, a tint 
somewhat red. 

EXPERIMENT CXLVIII. 

Fifth day. 

This reddish tint arose from a few sanguineous 
globules contained in the cavity of the punctum 
^aliens, which had now become much more con- 
siderable; and its transparency was occasioned 
by the expulsion of these globules. 

EXPERIMENT CXUX. 

Sijrtk day. 

Tlie gills presented the first appearance of the 
circulation : in the circumference of each, inter- 
communicated 
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communicated an artery and vein. The first was 
extended from the )}ase to the apex, and the 
other returned from the apex to the base ; the 
blood stagnated in this artery and vein, and, a 
moment afterwards, recovered its former course. 
These alternations were periodical, and resembled 
a wheel, stopping after every three or four revo- 
lutions. This phaenomenon proceeded from the 
action of the heart; for on fixing at once, both 
this viscus, and one of the gills, I beheld the 
circulation restored at every systole, and ceasing 
entirely when the heart dilated and became 
filled with blood. This fluid was white, or ra- 
ttier of no determinate colour. 

The globules were of the same size and figure 
as in full grown frogs; and usually circulated at 
a small distance from each other. 

EXPERIMENT CL. 

a 

Eighth day*. 

The results were the same as in the foregoing 
experiment; excepting only that the gills were 

♦ Although I observed the circulation of the blood *t 
different periods from the exclusion of the tadpole to its 
transfbrmation into a frog, I shall only here point out 
the pluenomena which have an immediate relation with 
tbe subject I had proposed lo investigate, 

more 



2S4 ON THE CIRCULATION 

more completely evolved, and that the circula- 
tion had begun in the tail. 

EXPERIMENT CLI. 

Tenth day. 

The whirling course of the blood (Exj*. 
CXLIX.) was more rapid, and the sides of the 
tail had become strewed over with blood vessels, 

EXPERIMENT CLIL 

Trcelfth day. 

Tlie gills disappeared by degrees one after ano* 
then The whirling motion had not ceased, but 
the revolutions were less rapid. The vessels of 
the tail had augmented, and we could now dis- 
cern an artery and vein extending in p. direction 
almost parallel from the apex to the base of the 
tail; and to which wt have given the appellation 
of large tc$scl% cither because they very consi- 
derably exceeded in size the small branches air 
ready mentioned, and to which they gave rise; 
or because they furnished and received all the 
blood M'hich was distributed to the different parts 
of the tail. Tlie greatest number of these rami- 
fications admitted only a single series of globules 
lit a time, and which moved at a considerable 

4 distance 
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distance from each other, and with more rapi- 
dity during the systole, than the diastole of the 
heart The globules circulated, in like manner, 
through the artery, and in the beginning of the 
large vein; but in proportion as this vein ascend- 
ed along the tail, the blood lost its inequality of 
mption. Some vessels besides, were perceived at 
thp circumference of the head, wherein the blood 
abated in its coprse during each dilatation, and 
augmented in quickapss upon every contraction 
of the heart. 

The pulsations of the heart were very frequent, 
and the blood contained within its cavities was 
more evident. It retained upon every systole a 
small quantity of this fluid, so that a reddish tint 
predominated, the brilliancy of which becaniq) 
copsiderably more vivid during th^ diastole, 

EXPERIMENT CLIII. 

Fourteenth day. 

The capacity of the two great trunks in the 
tail had augmented as well as the number of ves-^ 
sels, and the quantity of blood. In those 
branches which formerly transmitted but a single 
series of globules at a time, several now circu- 
lated together, and the blood in the great artery 

flowed 
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flowed almost tiDiformiy, but with more than 
doable its ibrmer rapidity. 

EXPERIMENT CLIV. 
Sixteenth day. 

The blood, which was uniformly transparcct 
in the subordinate branches, showed in the two 
great trunks a reddish tint. That which es^ 
C24>ed through an opening made in the vessels of 
the tail or head, was tinged with the same co- 
lour; but, when viewed by refracted light, as- 
samed a yellow hue. 

EXPERIMENT CLV. 

Eighteenth day. 

The two large vessels, from this time, discer* 
nible through the whole length of the tail, anas- 
tomosed at a very acute angle near its apex, in 
such a manner, that they continued to diverge 
in proportion as they receded from the heart 
The circulation, which had augmented in velo- 
city, was not now disordered by the accelerated 
motion of the ventricle; excepting only, that 
in proportion as the arterj' approached the extre- 
mity of tlie tail, and subdivided upon its sides, 
the momentum of the blood abated and increased 

3 in 
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iti the vein, as it received a greater number of 
branches and approached the base of the tail. At 
a given distance, the capacities of these vessels, 
as well as the momentum of their fluids, were 
equal; and that contained in the two large 
trunks had some resemblance to blood diluted 
with water. 

EXPERIMENT CLVI. 

Twenty-second dajf. 

The middle-sized and small partaok of the red- 
dish colour of the large vessels ; and the globules, 
which had at first'(Exp. CLII.) circulated at a 
considerable distance from each other, were now 
so augmented as to come into contact. The 
other results were conformable to the preceding 
experiment. 

EXPERIMENT CLVI!. 

Tzventy-skcth day. 

The tadpoles were now about a quarter of an 
,inQh in length. Their motions when in water 
jurere performed in every direction atid M'ijb t}^* 
greatest rj^idity. The pabatioHs of the heart 
.were very frequent, and wheti examined by ati 
ordinary microscope, it resembled a stu^U. rttl 
body, the brilliancy of which augmented during 

the 
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the diastole ; viewed afterwards through a ihore 
perfect lens, it appeared almost full of bloody 
much more so, however, when dilated than 
during its contraction. Notwithstanding the 
frequency of its pulsations, the circulation stop- 
ptd in the aorta, which was now visible at every, 
diastole of the heart. In all the other arteries 
the blood had an uniform motion ; in a few, 
however, it flowed more rapidly, particularly 
in those of the tail. 

In order to obser\''e with accuracy the blood 
contained in the heart and the aorta, it was ne- 
cessary that the tadpole should be placed on its 
back, and these organs illuminated by the direct 
light of the sun ; the teguments of the belly 
being sufficiently transparent to transmit its 
rays. 

EXPERIMENT CLVIII. 

Thirtieth day. 

The velocity of the circulation had encreased 
throughout the vascular system ; and the redness 
of the blood was in proportion to the capacity 
of the vessels ; but this fluid was yet far from 
having acquired that florid purple which charac- 
terizes the arterial and venous blood in frogs. 

EXPERIMENT 
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EXPERIMENT CUX. 

The same day. 

Although the blood had an uniform motion in 
all the vessels, except the aorta, it was, however, 
less rapid during the diastole, when the tadpole 
was placed out of water. The blood, which 
flowed through an opening made in the two 
large vessels of the tail, exhibited the same co- 
lour and aptitude to coagulate, 

EXPERIMENT CLX. 

Thirty 'Jifth day. 

The two large vessels of the tail in their whole 
length, had the shape of two cones ; but the space, 
included between the origin of the branches, was 
of a cylindrical figure. Having now more par- 
ticularly attended to the heart and aorta, I found 
that the first preserved, during the systole, a 
portion of red blood when the tadpole was allow- 
ed to remain in water; but, if the animal was 
withdrawn from this element, the redness dimi-' 
nished, and at last entirely disappeared ; so that 
.it would have been difficult to distinguish this 
viscus unless its iHotion had continued. The 
disappearance of the red colour was not occa- 
sioned by a total want of blood ; for it could be 

discovered 
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discovered in the ventricle by the help of a mi- 
croscope, but in so very small a quantity, and 
consequently in such a state of rarefaction, as to 
be invisible to the naked eye. 

EXPERIMENT CLXI. 

Forlieth day. 

The blood having a very rapid motion in the 
t^'o large vessels of the tail, I endeavoured to in- 
stitute a comparative estimate between the velo- 
city of this fluid, and that in the mesenteric 
trunk of full-grown frogs. I employed the same 
lens as usual ; but after the greatest attention 
I could discover no sensible difference between 
the circulation in the vessels of these two ani- 
mals. The tadpoles had now acquired the size 
of a small pea^ 

I numbered for the space of a minute the 
pulsations of the heart in tadpoles and frogs : ia 
the first they were from sixty to sixty-five, in 
ihe second, from forty to fortj'-nine. The 
strength, in neither of the animals, had beefc 
in tlie least diminished. 
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EXPERIMENT CLXII. 
Fiftieth day. 

Although in none of the vessels was the blood 
wholly without colour, yet in those of frogs it 
was of a darker and more florid red. 

EXPERIMENT CLXUI. 
The same day. 

The colour of the blood in frogs was rendered 
paler by the want of food (Sect I.) Anxious 
to ascertain if the same phsenomena would occur 
in the tadpole, I deprived a certain number of 
these animals of food for fifteen days, and the 
colour of the globules was so much diminished 
as not to be seen in the small ramifications. I 
allowed the same tadpoles to fast during other 
fifteen days ; at which period the two large 
vessels of the tail scarcely exhibited^ in their 
largest diameter, a reddish cloud ; and in the 
other ramifications the globules were perfectly 
transparent. Such was the leanness of these 
animalcula that they did not exceed above half 
their former size. 
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EXPERIMENT CLXIV. 
S'txty-sccond day. 

Tlie rodiments of the posterior extremities 
were now observed with tlieir small toes strewed 
over with vessels, nearly in the same manner as 
the chick in ovo. The size of the tail had in- 
creased, so that the two large vessels were not 
discernible upon its superior part ; we could only 
observe the lateral branches, where the sides 
of the tail were leas opaque. The number of 
these branches were incalculable, and the blood 
in them was almost equally red as in the full 
grown animals. 

EXPERIMENT CLXV. 

Seventy-first day. 

The anterior extremities were now likewise 
evolved. Tlie tail, instead of increasing, began 
to shrivel, and was so disfigured, that the great- 
est number of its vessels were already obliterated. 
Tlie blood was of the same colour as in full 
grown animals. 

EXPERIMENT CLXVI. 
Eightieth day. 

Whilst the tail in several tadpoles was either 

wholly qr partially shrivelled, the greatest 

3 number 
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number of these animalcula were transformed 
into frogs, which, not being able to live con- 
tinually in water, sought to esc^e by \neans of 
their limbs, which had now attained to their 
full growth. 

The mesenteric and pulmonary blood was 
equally florid as that in older frogs. 
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DISSERTATION II. 

ON THE PUJBNOMENA OP THE CIUCULATIOK 
THROUGHOUT THE VASCULAR SYSTEM. 



"•<!2ES22KSS5!2>-*» 



ANALYTICAL VIEW 



Of the results from the experiments in the first 

dissertation. 

nnST RESULT. 

W E have certainly reason to be astonished, at 
the many different opinions, that have prevailed, 
respecting tlie changes. M'hich the heart under- 
goes, during its contraction and dilatation. Ocu- 
lar evidence, hoM-ever, will not permit us to en- 
tertain the least doubt that in salamanders, li- 
zards, frogs, toads, &c. it is shortened during 
the systole, and lengthened in the diastole. 
(Exp. I. II.) It should even seem that this is 
a general law of nature, at least, among that in- 
numerable class of animals, in which the heart 
has a conical or pyramidal figure. 

SECOND 
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SECOND RESULT, 

\ Another general law is, that the pericardium, 
vhen in a healthy state, always contains a greater 
or less quantity of lymph. (Exp. II.)** 

THIRD RESULT. 

Haller affirmed, that the heart was almost Com- 
pletely emptied in every contraction ; and this 
ppinion he supported by the following reasons: 
1, That any remaining portion of blood would 
counteract, by its continual stimulus, the renewal 
of the diastole: 2, Because it is an established 
feet, that the heart of frogs and of the chick ia 
Ovo, assumes upon each systole a p^le colour, 
proceeding, no doubt, from the expulsion of 
the red globules, since otherwise they must havq 
been perceived through the transparent memi- 

• All the surfaces of the intcr|ial cavities are moisten-r 
^ with a similar fluid, which serves to lubricate the 
pgrts and facilitate their motions. The liquor pericardii 
is doubiless absorbed and secreted in the same manner as 
that contained in the other cavities of the body. 

It seems, indeed, an universal law, that all secreted 
fluids which have no outlets, are occasionally resumed 
into the course of the circulation, as the aqueous humour 
of the eye, liquor of the thorax, abdomen, vaginal tunic 
l)f the. testicles, &c. &c. . R. H, 

R 3 brancs 
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branes of this organ. My experiments upon the 
heart of grey and green lizards, and the chick in 
ovo, coincide with those of the physiologist erf 
Berne: (Exp. III. CXV.) but those, on the 
contrary, relative to salamanders and greett 
frogs, present results very different. The heart 
of these animals, if their strength was not wholly 
exhausted, preserved always a reddish tint, (Exp. 
III. XXV.) which could not be the effect of a 
small portion of blood, since on opening the sidcf 
of this viscus, towards the end of the systole, a very 
Considerable quantity was effused. . (Exp. IV.) 
The same red colour also appeared in the heart 
of tadpoles, excepting only that it was less florid 
during the systole than the diastole, (Exp. 
CLII. CLVII. CLX.) Although from its 
smallness, the he.irt of these animals could not 
be opened, yet such was the transparency of its 
membranes, that we observed this viscus filled, 
during every diastole, with a small cloud of red 
globules, which it partly expelled on the return 
of each contraction. (Exp. CLII. CLVII. 
CLX.) 

Since, then, it cannot be affirmed, generally, 
that a complete depletion of the heart takes place 
during its systole, Ave cannot agree with Haller, 
that the remaining quantity of blood produces 

tb;|t 
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that continual stimulus which he conjectured. 
Besides, upon this principle, we would be led to 
suppose from the greater comparative irritability 
of young than full grown animals, that this or- 
gan, in the former, should retain a less quantity 
of red blood; on the contrary, however, the 
heart of tadpoles always retained some drops, 
whilst not a single globule was perceivable in 
that of frogs. Thus it happens, that in phy- 
sics, Jheories the most plausible, often lead to er- 
ror, when unsupported by accurate experiment 
and observation* 

FOURTH RESULT, 

Most physiologists have concluded that the 
arteries, during the systole and diastole, were alike 
fiill, and distributed the same quantity of blood. 
Of this fact, I was fully. assured previously to my 
having opened any of these vessels, (Kxp. XII. 
XIV. XV. XXI. XXVI. XLV. CXXXIIL 
CLVII.) For, ahhongh the thickness of the 
coats in the aortal trunk of frogs and lizards, 
precluded an accurate view of the circulation, 
yet in the salamander this vessel afforded an ex* 
ception, becoming almost entirely empty during 
each systole ; so, at least, we were led to conjec- 
ture, not only from its extrenu paleness, but 
Ijepause, from an opening made in this vessel 

II 4 durin 
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during its contraction, not a single red globule 
escaped. This circumstance, however, only oc^ 
curred when the animal had been previously en- 
feebled; for while its strength continued unim-* 
paired, the aorta always retained in its systole ^ 
small quantity of blood. (Exp. V. VI. VIL 
VIIL IX. X.) 

* 
It must not, however, be supposed that a com* 

plete depletion took place in the aorta, at the 

time of its contraction : it seemed, on the con* 

trary, probable, from its sides never coming into 

actual contact, that even then it was filled with 

that fine lymph which serves as a vehicle to the 

red globules; the existence of this fluid, as will 

afterwards appear, cannot be doubted; and which 

in the opinion of Haller, supplied the place of 

the blood in frogs enfeebled by a long want of 

sustenance. 

FIFTH RESULT. 

From theory we were led to suppose, that the 
lust column of blood propd led by the ventricle^ 
had a greater velocity than the proceeding cur- 
rent, and tliat the motion of the arterial fluid 
was more rapid durino^ tlie systole than the dias- 
tole of the heart; but this su[)po'«ed ineciuality of 
lUoaieutuai did not agree with the uniformity 

obiDtrvcd 
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observed by some physiologists in the mesen- 
teric arteries of frogs. 

It was only necessary, in order t;o resolve this 
question, that we should examine the arteries 
throughout their extent. The circulation in the 
great trunk of the aorta was interrupted and un- 
equal; it stopped upon every diastole, and resum- 
ed its original motion in the following systole. 
The same appearances occurred in the superior 
portion of the descending aorta, but near the 
origin of the tail the irregularities in the motion 
of the blood diminished by degrees, and even 
disappeared altogether towards the base of this 
extremit}', excepting only tlrat the momentum 
was greatest during the contraction of the heart 
This inequality of motion did not take place in 
the pulmonary, mesenteric, and other middle- 
sized arteries. These three periods of momen- 
tary inaction, of unequal and uniform momen- 
tum in the arterial circulation, were alike evident 
in salamanders, water, and land-frogs, grey and 
green lizards, (Exp. IX. X. XII. XIII. XIV. 
XV. XIX. XXIV. XLII. XLV.) 

It ought, however, to be remarked, that in the 

middle-sized arteries, the blood circulated only 

with an uniform velocity, when the strength of 

' ' the 
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• The same irregularities affected the circular 
tion in tadpoles, but they succeeded each other 
more slowly. On the fifth day, some signs of 
motion were perceived in the auricle and ventricle; 
and on the sixth, also, a beginning circulation 
in the vessels (Exp. CXLVIIL) The blood 
flowed and* stagnated successively during every 
systole and diastole (Exp. CXLIX. )' 

The circulation increased till the tenth day 

» 

(CLI.) but after the twelfth it no more exhibited 
^ny alternation of motion and rest, although its 
course \ras more rapid during the systole thaii 
the diastole (CLII.) 

The acceleration in the course of the blood 
during the systole, was scarcely perceivable on 
the fourteenth day (CLIII.) and entirely ccas^ 
ed on the eighteenth, when the circulation was 
carried on with equal quickness, at least in the 
largest vessels (Exp. CLV,) During the fol- 
lowinij days, the motion of the blood became 
more and more n^pid (CLVIIL; so that on the 
fortieth it had already acquired the same velo- 
city as in the mesenteric artery of frogs, 
although the size of the tadpole did not exceed 
that of a >!nall pea (CLXI.) 

W hatevef 
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. Whatever might be the age of tlie tadpole,, 
the blood circulated by jets^ stagnating for a 
moment upon every diastole in the aortal 
trunk (Exp, CLVII. CLIX.); and this phano- 
menon was the more unexpected, as the pulsa- 
tion of the heart in these animals amounted, du- 
ring one minute, from sixty to sixty-five, whilst 
in that of frogs, during the same period, they 
never rose above fifty (CXLI.) 

We cannot call in question, that tliese diife- 
i?cnt periodical changes of the circulation in the 
chick and tadpole, proceeded from the action of 
^e heart, which increasing every day in size 
and activity, communicated to tlie blood a 
greater and more rapid impulse; and as the most 
Ultimate analogy subsists between tliese and 
other cold and warm-blooded animals, we mav 
h^nce conclude, that in general, the circulation 
proceeds in the same manner during tlie evolu- 
tion and growth of their organs. 

SEVENTH RESULT. 

Tlie pulsations of the arteries are commonly 
attributed (*) to the re-action which the blood, 
propelled by the contraction of the heart, pro- 

(*) See the fourth dissertation. 

duces 



ft54 OS TttE tJIRCULATIOK 

duces on their sides; but this tluid cannot cir* 
culate in an instant through the whole arterial 
canal, whehce it results, that the pulsations 
must occur in succession, beginning in that 
portion of the artery nearest the heart, from its 
having first teceived the impulse communicated 
by this organ to the blood, and afterwards pro- " 
ceeding to the anterior and more distant parts; 
but although it is evident this successive mo- 
tion must take place, it cannot be perceived, as 
the circulation is carried on with such astonish* 
ipg celerity, that at the very moment when the 
heart contracts, the aorta and the whole of the 
arterial system seem to beat at one and the saimC 
time (Exp. XVI. XVII. XLV.) 

EIGHTH RESULT. 

When we reflect upon the organization of the 
I'ascular system (II), the innumerable windings 
thrtnigh which the blood must flow, from tbt 
heart to the extremities, and the multitude of 
obstacles opposed to its course, we should be led 
at first to suppose, that it ought to circulate 
with extreme languor in the ultimate arterial ra- 
mifications. Such, besides, is the nature of the 
blood, that it can only be preserved in a state 
of ffuidity by the motion with M'hich it is con- 
tinually 
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tinually agitated, and the moving forces must 
be consumed in proportion to the attraction of 
cohesion, not only between the globules them- 
selves, but also by that which prevails between 
these molecules and the sides of tlie vessels. 

# 

To these causes may be added the greater ca- 
pacity of the dividing branches, relatively to 
that of the artery itself: for although the dia- 
inetei*s of the vessels diminish in proportion as 
they divide, yet the sum of the capacity of all 
the branches considerably exceed that of the 
trunks; an observation which has been already 
verified in man, and several other animals, and 
which I found equally to hold in those I have 
examined (Exp. XXXllI)*. Thus the blood 
in flowing from the aorta to the trunks, from 
the trunks to the branches, and from the 
branches to the ramifications, Avill move in a 
eanal, the successive augmentation of which 
must diminish its velocity, like those fluids 
which lose their momentum in flowing out of a 
small into a large tube. In the dilated por- 

* Anatomical observations evince not only the uni- 
versality of this law, but, moreover^ that the sides of 
small vessels are much thicker in proportion to their ca- 
pacities, than the sides of trunks compared with their 
diameters* R* H. 

tions 
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tions ot the aiterv tlie blood und^rweut some 
abatement of motion, which upon emerging, it 
immediately recovered (Exp. XX.) 

To tliis augmentation of diameter may be 
super-added the friction of the globules against 
the sides of the arteries, which ought to retard 
the velocity of tlie circulation in proportiony 
J, To the momentum of the blood itself, since 
the more rapid the course of the globules, the 
greater must be the friction from the increased 
number that will come into contact with the 
sides of the vessels. 2, To the length and 
strait ncss of the arteries, the one presenting a 
more extended suiface to the action of these 
molecules, the other diminishing the number 
which circulated without any obstacle, in the 
wider part of the canal. 3, In short to the 
niiihiplicity of sinuosities and angles which, by 
cltlicr producing a change in its direction, or 
an iucrcase of friction will considerably retard 
the velocity of the circulation. 

All t!icse causes deduced from the science of 
Hydraulics, and arbitrarily api)lied to animated 
beings, have induced many physicians to believe 
tliat the velocity of the eireulation near the 
heart, is in a direct ratio to its languor in the 

ultimate 
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ultimate arterial ramifications. Haller, fully 
convinced that we ought not to reason by ana- 
logy from mechanical laws to those of the liv- 
ing system, determined, before establishing any 
theory, to have recourse to direct experiment 
and observation; arid he discovered that the 
circulation actually experienced a retardation in 
the small capillary arteries ; but that there was 
no relation between this retardation and the sup- 
posed obstacles that we have detailed. He found 
that the mojmentum of the blood was nearly 
equal in the large and small mesenteric vessels 
of frogs; hence he concluded, that the circu- 
lation ought not to be less rapid in tlie arterial 
branches than in those of the veins, since the 
venous receives its impulsioh from the arterial 
fluid. His method of examination did not, in- 
deed, enable him to trace the whole distribution 
of the mesenteric vessels, which in these animals 
are extended to the intestines, far less could he, 
compare the motion of the blood in the large 
and small arteries of warm-blooded animals, had 
he even been acquainted with those in which the 
circulation is evident; so that it is from analogy 
alone, he was led to believe, that they must be 
subjected to the same laws he had discovered to 
prevail in cold-blooded animals. 
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The readiness Mitli which I cOulcf e^amfiie 
the whole vascular system lii these two (^lassei^ of 
animals, enabled me to observe Avhethet thtf 
blood experienced any retardation in the nu- 
merous flexures and convolutions of the arteriiw, 
as well as the precise degree of this retardation; 
and thus to throw some light upoti a v^ry iitt- 
pbrtant and obscure point in ph^siolo^I 

I did not immediately perceive any dHTeN 
efnce of momentum betwixt the large and riiiddlB- 
sized arteries ; when, however,' I afteiitiVely 
examined these portions of t'he largd artifl'ial 
vessels in which the blood abated at each diastbto, 
(Result Fit'tli) it appeared fo circulate mort' ra- 
pidly during' every systole than in the rniiTdie- 
sized arteries, whilst, in the latter, it preserved 
an uniform n'.bidity diuin;!: both the svstolc and 
diastole (Ibid.) Thus it seemed, tliat alftibugli 
tTie blood in the large arteries possessed a greater 
momentum than in the middle-sized during each 
contraction, yet that these in tlicir turn experi- 
enced the same superiority of motion over the 
former durinc: every dilatation of the heart,^ 
Tlie blood appeared, indeed, io circulate less 
rapidly through the large artery in the tail of 
tadpoles, in proportion as it advanced toward* 
its extremity (I-xp. CLV.) 

I did 
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I did not find that the bloody in passmg out of 
Ihc middle-sized arteries into theiV branches, 
experienced the least retardatioh from any diflfer- 
encein the capacity of these vessels ; or tlie nu* 
merous angles which they formed Avith one 
another (Exp. XXXIII.) j neither did the mode 
of the circulation, whether languid or strong, 
oscillatory or intermittent ; (Exp. XVItl. XXI. 
XXXIV.) appear to be at all affected by the 
multiplicity of natural and artificial curvatures, 
or the flexures and convolutions made by the 
different ramifications (Exp. XXXVI. XXX Vll. 
XXXVIIL XXXIX. XLVm. LI. LXI. 
CXXI. CXXVIL) When the strength of the 
animal was not impaired, . the blood in the small 
arteries moved very rapidly (Exp. XLIX. L. LV. 
LVL LXIII. LXXVL LXXVIL CXXVII. 
CXXVIII. CXXXII. CXLIII.) and wilhnearly 
an equal velocity (Exp. XLIX. L. LV.LXIIL 
LXXXIL LIL LXXVL); but when, on the 
Con4;rary, it had been exhausted, or. in an un- 
hc^thy state, the circulation was carried on 
with the same celerity in the middle-sized arte- 
ries, whilst it began to abate in the small arterial 
ramifications, and stopped sooner or later in pro- 
portion to their distance from the heart (Exp. 
XXL LXXVL LXXVIL LXXVIIL LXXIX.) 
Besides, we ought to take into account jthat the 

s S small 
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small arteries which are distributed to the moist 
surfaces of the internal parts, retain longer their 
original motion (Exp. LVI. LXII. LXXVL 
LXXVIL) 

The united result3 of these facts display^ in a 
striking point of view, the true motion of the 
blood from the origin to the termination of the 
arteries, which was hitherto only conjectural and 
subject to frequent disputes, from the want of a 
sufficient number of experiments. 

These facts, besides, confirm the s?igc maxim 
of Haller, respecting the caution with which 
w*e ought to apply mechanical principles to the 
animated system; for, in fact, if the animal 
machine be strictly subject to Hydraulic laws, 
why do they not produce the same ettects in the 
vascular system as in common tubes. Whilst, 
however, we acknowledge that these laws must 
cxeit an influence upon the pha^nomena of the 
circulation, we contend that their power is 
counterbalanced by opposite causes^ inherent 
in the sanguiferous system (III.) 

NINTH RESULT. 

Do the red globules^ in flowing through the 
labyrintli of arterial ramifications, or from the 
friction against the sides of the vessels, expe- 
rience 
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rience any rotatory or intestine motion ? Several 
modern physiologists have believed that such a 
motion exists, in opposition to the experiments 
ofHaller, which I have so often conlirmcd in 
cold and warm-blooded animals. Let the reader, 
however, conceive some small pieces of wood 
swimming in a canal, with a rapidity equal to 
the current, and he will be able to form an accu- 
rate idea of the motion of the globules carried 
along by the lymph, which serves them for 
a vehicle (Exp. XXXIV. XLVI. XLVIL 
XLVIII. CVI. CXLIII.) 

TENTH RESULT. 

It has been already observed, that the accele- 
ration in the motion of the blood, produced by 
tXie systole of the heart, was evident in the 
middle-sized arteries when the strength of the 
animal became somewhat impaired (Result 
Fifth) ; a fact which sufficiently proves the influ- ^ 
ence exercised by the heart upon this order of 
vessels, and which is extended even to their ulti- 
mate ramifications. This was the result notonly of 
Haller's experiments, but of those which I made 
upon the small arteries of salamanders ; in which 
tlie velocity of the blood abated, during the • 
diastole, and augmented during the systole of the- 
J^eart (Exp. LVI. LXIII.) 

s 3 M'hcthcr 
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Whether the circulation in warrn-blooded ani'» 
mals be regulated by the same law, is a questicm 
that could hitherto only be resolved by analogy : 
from actual observation, however, I have dis- 
covered that the pulsation of the arteries, which 
can only proceed from the contraction of the 
heart, is evident in the small ramifications ; 
the capacity of which scarcely equals the sixth 
part of a line, and that the blood issued irom 
an opening made in these vessels with greater 
force during the systole than the diastole 6F the 
heart I have myself constantly observed in the 
chick, thisdirectactionof theheart, which, byiti 
contractile force, re-animated or accelerated the 
momentum of the blood in the smallest arterial 
ramifications, (Exp. CXVI. CXVIL CXVIIf. 
CXIX. CXXI. CXXII. CXXVI. CXXVII. 
CXXIII. CXXIX. CXXXII. CXXXVIL 
CXXXVIII.) 

ELEVENTH RESULT. 

If it be incontrovertible, that the arterial ex- 
tremities are acted upon by the contraction of 
the heart, is it equally true that its eflfects arc 
extended to the origin of the venous ramifica- 
tions ? The celebrated Hales has observed that the 
motion of the blood in the small pulmonary veins 
of a frog, augmented during every systole of the 
heart : but Haller was of opinion, after several expe- 
riments, 
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riments, that this accelerated momentum ought 
^ther to be attributed to some irregularities ia 
the circulation, which, after having been a long 
time suspended, was frequently restored with tli£ 
strength of the animal I admit that the resto- 
ration. of the circulation must be subject to the 
greatest illusion, and that besides, as has been 
already observed in several animals, its accele- 
ration from the contraction of the heart is almost 
wholly confined to the arterial system. Con- 
t^rary observ^tioas have, however, compelled me 
to conclude, that the, velocity of the venous fluid 
i^ redoubled during the systole, and abates dur- 
ing the diastole of the heart in salamanders, 
liwd frogs, the chick in ovo, and the tadpole ; 
not only in one or two, but in a very great 
number of ;small veins, whether the circulation 
be carried on in a very rapid or languid man- 
ner (Exp. LIV. LXXIV. CXXL CXXX, 
CXXXI. CXXXIV. CXXXVL CXLIV, 
CXLIX. CL. CLL CLII. CLIX.) 

TWELFTH RESULT. 

The union of the arterial and yenoife vesseU 
13 eflfi?cted ia difCfr€nt,\v'pys. . Tije capacities of 
t)ie arteries, at their junction with the veins, 
V€re extreuH^ly various, ^\[hil^t some admitted 
four or five red globvi!es.,(Exp, iCJCVIII.) 

s 4 others 
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others only received one at a time (XLIX. L. 
LL LVI. LXIV. LXXIIL CXVIL CXXX.) 

Sometimes, particularly in the chick, the artCr 
ries, upon being reflected back towards theheartj^ 
very commonly gave rise to an equal number of 
venous branches (Exp. CXVI. CXXI. CXXXV. 
CXXXVI CXXXVIIL CXXVI.) At other 
times, from their subdivisions were produced a 
very complicated net-work, which might be re- 
garded as the intermediate point of communi- 
cation between the arteries and veins (Exp. 
LL LXIIL) and from this tissue of small vessels 
a great nunber of veins proceeded towards the 
heart in the same direction with the arterial 
branches, from which they originated (Exp. 
LII.) Sometimes several arteries terminated in 
a single vein (Exp. LII.) sometimes they sunk 
into the substance of the organs and disappeared 
(Exp. XL VII L LXII.) Some of tliem passed 
into a large vessel, which, being situated at an 
equal distance from the heart, left us in doubt 
whether it was an artery or a vein (Exp. 
CXVI.); others gave rise near the heart, to a 
small vein which returned towards this viscus, 
whilst the arterial trunk continued its course to 
the extremities (Exp. CXI.); or they were 
subdivided into two branches, one of which 
preserved the character of an artery, and the 

other 
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pther performed the office of a vein (Exp. LIV.) 
The velocity of the bipod was for the most part 
equal in the termination of the arteries, and the 
orifices of the nascent veins (Exp. XLIX, L. 
LXIIL CXXV.) 

9 

THIRTEENTH RESULT. 

Physiologists have been led, rather from 
theory than ocular demonstration, to admit that 
the momentum of the venous fluid increases in 
proportion as it approaches the heart. Accord- 
ing to them the sum of the veins may be com- 
pared to a large concave cone, the base of which 
corresponds to the capillary extremities, and the 
apex to the auricles of the heart. But, as the 
contraction of the canals must augment the 
velocity of the fluids, the blood ought to circu- 
late slower at the base than the sumn^it of the 
venous system. 

' We are here again indebted to the philosophic 
scepticism of Haller, who, not satisfied with the 
analogy drawn from mechanical principfcs, had 
recourse to direct observation and experiment ; 
and if he has not entirely drawn aside the veil, 
he has at' least rouzed the curiosity of others, 
and pointed out the true path which might con- 
duct them to the object of his research. His 

. observations 
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ohservation were limited to two veins ; .but a 
general conclusion ought oply to be. built uponii 
concurrence of several facts agreeing betweea 
themselves, aiid subject to the same relations ; 
hence, it appeared to me necessary to examine fi 
great number of vessels, the course of which I 
have followed from their union with the arteries 
to the heart 

The results of my experiments agree with those 
of Haller in this, that, excepting at their points 
of junction with the arteries, in all the vein% 
whether small, middle-sized, or large, the circu- 
lation was more rapid in proportion as the vessels 
augmented in diameter, and received the blood 
from agreater number of branches (Exp. LI. LIU, 
LXIL LIIL LIV. XCL XC V. XCVI. CXXXL 
CXXVIL CXXVIIL CXXIX. CXXXV, 
CXXXVL CXXXVIL CXXXVIIL CLV.) 

Among these vessels must not be included the 
two caoiB of the salamander, in which the blood 
flowed witli the same velocity as in tlie middle- 
sized veins (Exp. CX) ; but it is npt-^ifficult tp 
account for ^his single c;jfception. The bloofl for- 
cibly penetrated jnto the auricle, during its dila- 
tation ; whilst upon the contraction it was driven 
back towards the vefice cavce (Exp. C\.); from 

which 



OF tHE BLOOD. 267 

which resulted a flux and reflux, that obstructed 
in the large trunks the velocity of the circulation. 

We can only attribute this accelerated mo- 
mentum of the blood in flowing from the small 
to the middle-sized, and from the middle-sized 
to the large veins, to the progressive diminution 
of their capacities, from the extremities to the 
heart. Two facts in particular confirmed me in 
this opinion. K If these vessels were naturally, 
or by accident of an unequal capacity; that is, 
less capacious in one portion than another, the 
blood redoubled its velocity, upon circulating 
through this strait portion; but no sooner had it 
emerged, than it recovered its usual momentum 
(Exp. XXXV. CIV.) 2. The circulation wan 
carried on with the same celerity in the veins, 
which, passing through a certain space without 
receiving any branches, were of a cylindrical 
form, and consequently of an equal diameter 
(Exp. LXXXVII. CXVIII. CXXXVIII.) . 

It was with diflBculty w-e coukl distinguish the 
proportional difference of momentum between 
the small and the large veins. All my experi- 
ments, however, led me to conclude, that, in the 
first, the blood circulated three times slower ^9fk 
in; the second. It would hence appear, that t|u3 

boasted 
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boasted law of Hydraulics* has no share m 4.hc 
acceleration of the venous fluid, else how can it 
be reconciled with the inequality in the circula- 
tion which prevails bct\veen the base and the 
apex of the supposed cone of veins, and which 
must be counterbalanced by some unknown 
cause, more powerful than the sinuosities, the 
angles, the flexures and convolutions of the ves- 
sels which produce no change in the circulation? 
(Exp. LI. LXI. XCL XCVIIL CXXIIL 
CXXIV. CXXVII. CXXVIII.) 

FOURTEENTH RESULT. 

Haller remarked that when two veins of a very 
unequalcapacity anastomosed, the force of the 

* Reasoning by analogy from mechanical laws is, in- 
. deed^ scarcely applicable to a physiological subject; parti* 
cularly to the complex actions of the living system. We 
cannot, therefore, be surprised that the amount of ihc 
retardation experienced by the blood in the smalt vessels, 
does not exactly correspond with mathematical calcu- 
lation. As, however, it is demonstrable that the sum of 
the areae of the branches always exceeds the area of the 
trunk from which they proceed^ so it should seem ta 
follow, that the blood must circulate more slowly in the 
small vascular ramifications than in the trunks them- 
selves; unless when the former may be stimulated into 
increased action by the presence of any unusual irrita- 
tion. H» rr« 

4 circulatioa 
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circulation in the large vein opposed the influx 
of the blood from the small vessel. These anas- 
tomoses between large and very small veins, ac- 
cording to him, indeed, seldom occurred; as the 
inost subtile ramifications united into canals 
somewhat larger, which again receiving in their 
course other ramifications of a more consi- 
derable capacity, thus established a kind of 
gradation which gave to the blood in the largest 
branches a force sufficient to penetrate into the 
trunks, whatever might be the resistance op- 
posed to its course. 

Such is, doubtless, the order established by 
nature in the organization of the vascular sys- 
tem ; for, in the same manner that the venous 
fluid, before arriving at the large trunks, flows 
through an infinite number of ramifications 
whose capacities augment as they approach to- 
wards the heart, so the arterial blood reaches not 
the ultimate ramifications until it has circulated 
through all the arterial canals, which become 
smaller in proportion to the frequency of their 
subdivisions. This mechanism is particularly 
beautiful in the mesentery and intestines of se- 
veral animals; often, however, I have witnessed 
the circulation earned en in a directly opposite 
manner, although the course of the blood was 

not 
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not in ttie smallest dtgree disordered. Thuf 
many capillary ramifications anastomosed at dif^ 
ferent angles with the venous trunks, without 
in the leaSt impeding the usual velocity of the? 

Blood, (Exp. Lxiv. cxr. CXII. CXIILCXIV: 

CXXXIX.) hence we should be inclined to be- 
lieve, that in the instances cited by Haller, the 
blood must have experienced ^ome* obstacles iif 
flowing out of the branches into the trunks fironi 
the diseased state of the animal; more particu- 
larly as he mentions in his relation of these expe* 
riments, that the circulation had been subject ta 
the greatest irregularities. 

FTFTEENTH RESULT. 

Although Haller conceived that the effect pro- 
duced by the systole of the heart extended not to 
the venous system (Result XL) he was never- 
tlieless persuaded, in opposition to the senti- 
ments of several authors, that the circulation of 
the blood depended alruost entirely upon the ac- 
tion of this viscus; and this opinion he princi- 
pally supported from the example of persons 
drowned, and animals in a state of asphyxia, in 
whom it was only necessary to excite the ac- 
tion of the heart in order to restore the motion 
of the fluids after it had been suspended for seve- 
ral hours. 

My 
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My ej^perihients appear to establish this truth 
in such a striking point of view, as cannot, I 
tliink, fail to convince the most sceptical reader, 
r shall, however, first endeavour to demonstrate 
<he insufficiency of those causes which haVe been 
usually associated with the power of the heart, and 
nrhicli have been supposed more or less nume- 
itous in the Opinion of different physiologists. 

Hie cbnti^ction of the arteries, the attraction 
df the capillary vessels, ^, vibratory or oscilbitorif 
action in the vascular coats arising from the sti- 
iHuUis of the' blood, and, in short, the air con- 
tained in the arteries and veins rarefied by the 
J^tzi of this fluid, ha^^e edch in their turns been 
lerappos^d' powerfully to second the action of the 
Heart ' 

Experiments have proved the fallacy of these 
different hypotheses: for, if it be true that the 
vessels originally contain any species of air to 
which the blood owes part of its momentum, 
tliis air should appear under the form of 
imiall bubbles which could not entirely have 
eluded the sight ; the power of the microscope I 
6itaployed, being so great as to have enabled me 
fo' distinguish these babbles, had they even been 
a^fifkieth part smaller than the red globules. In- 

3 none 
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none of my experiments, however, was the least 
appearance of these aeriform atoms discoverablet 
excepting when the vessels had suffered any 
lesion, in which case they were found to con- 
tain a very great number that might be increas- 
ed or diminished at pleasure, by the employment 
of a more or less powerful stimulus (Exp. 

Lxxxvm. CIV. ex. CXXVIII. cxlid 

but the casual existence of these molecules, far 
from augmenting, served, in iact, to diminish 
the velocity of the blood as it reached the small 
vessels (Exp. LXXXVIII. CX.) In fine, among 
cold-blooded animals, the want of heat required 
by this hypothesis preventing the rarefaction of 
the air-bubbles, allowing they were really pre- 
sent, should cither wholly impede the circulation, 
or, at least, render it extremely languid : a con- 
clusion which is altogether repugnant to ex- 
^ perience. 

We must, at least, allow the praise of inge- 
nuity to the hypothesis of attraction and oscilla- 
tory motion; but if the vessels jeally experien- 
ced this alternation of contraction and dilatation 
anil an accelerated momentum, these phenome- 
na should be evident ; nevertheless, the results 
of all viy ohscjxatlons tend to establish a com- 
plete inertia in the coats of the capillary 

branches, 
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'i>raf)ches, and a retardation rather than an ^^« 

mentation of velocity in the circulation (£x{s^ 

.LII-LXXVL) : ^ t 

I Mve likewise been taught by the evidence 
of my aeosf s, that the course of the blood is in- 
dependent of the contraction of the arteries, 
since, in several animals it was only evident in 
the largest trunks (Exp. V. VL XVT: XXVII. 
XXIX. LXII. XLIII.) and as in embryos 
,wherein the circulation is apparent^ we perceived 
no ' appearance of * contraction or dilatation 
throughout the vascular system (Exp. on the 
chick at the commencement df incubation.) 

The insufficiency of these theories being de- 
monstrated, it is easy to prove that the circula- 
tion of the blodd depends solely upon the actioi^ 
of the heart* : such is the immediate consequence 

deducible 

• Since the discovery of Hanrey, several writers as 
well as our author have ascribed the whole of the circu- 
lation to the action of the heart alone ; but^ although 
the principal causes which propel the blood be unques- 
donably the ahematc systole of this organ and the con* 
tractions of the larger arteries, yet these of themseh'cs 
would be ihsufiicient to explain the tiraosmission' qf this 
fluid throughout the sanguiferous vessels^ unless assisted 

T by 
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fteducible from the accelerated momentum df 
the venous fluid during every contraction df 
this viscus (Result XL); because such 4in ac- 
celeration could not occur unless the action 
'4>f the heart communicated the mometitum to 
the venous as w^ll as tb^ arterial fluid. This 

tntth 

by some inllerent power in the system capable of oocm- 
teracting the numerous causes opposed t# its course. A 
variety of &cts might, were it necessary^ be adduced to 
'demonstrate that the circulauon of the fluids is wholjr 
mexpfieable upon the hypothesis that the actum of Ik 
heart is the^sole cause of the circvilation: a pmpotitioB 
neither foiuided upon the observations of others nor dedi- 
cible from our author's own experrments ; by whidi it 
appears that the^ blood continued to flow with unilbrm 
quickness and regularity in vessels^ not only aRe^ iD 
communication between them and the heart hid bMB 
intercepted, but also in the arterial and venous systeois 
of dome animals seversl days after the complete dcstnic* 
lion of that viscus. These, as well as many other pine- 
nomena of the circulation hitherto obscure, seem to le- 
eeive a satis&ctoty elucidation from the laws of itritabi- 
nty*as now understood ; since if we admit this piiacSpk 
to be an essential attribute of animated bodies, subject to 
successive experKliture and reproduction, and that the ef- 
fects produced upon the living system by the action of 
stimuli are in a compound ratio of the degree of initsbi- 
iity in the fibre and the intensity of the exciting power, 
we shall not onlv be enabled to solve the altcruatc coo- 

tractions 
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truth h farther corroborated by tlie foUo%7)ng 
])haui6mena. Sometimes, in the most vigorouis 
aiijiml9> %k^ pulsation of the heart oea$ed sud- 
denly for some minutes when the circu]atiou 
was suspejnded; but its contractions were no 
sooner renewed than the blood recovered its usual 
motion (Eacp. VI. ) 

When the heart was compressed in such a man- 
ner as to impede the freedom of its action^.the cir- 
culation abated and even ceased entirely upon in- 
cre^infi" the compression (Exp. XXII. XXIII. 
LX2g5a.XXXL LXXXII. LXXXilL) 

When we removed the ligature which had been 
a long time applied to tlie aortal trunk> and per- 
mitted the heart to exercise its free action, the 
Mood immed lately resumed its original momen- 
tum (Exp. LXXXIV. LXXXV. LXXXVI.) 

• 

tracUons of the heart itself by the stimulus of the hfo^ 
acting upon the acciunulated excitability of that oi]gaQ^ 
but likewise illustrate the momentum of this fluid in the 
smallest vessels^ and why it does not experience a fettt« 
dation in an exact mathematical proportion to the various 
obstacles opposed to its course, as well as many other 
£u:ts relative to the circulation, which neither the mere, 
impulsion of the heart and large arteries a tergo, nor the 
vis percuisionis of Borelii seem fully adequate to ^plaio. 

T» These 
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These facts perfectly correspanded in cold and 
wann-blooiled animals (Result VI.) During 
the early period of incubation, the heart of the 
chick was very sm^U, and froni its want of soli- 
ility it remained nearly inactive. Its motion 
scarcely continued a quarter of an hour, and the 
last pulsation was instantly followed by a com- 
plete stagnation in the circulation (Exp. CXY.) 

Tlie heart afterwards increasing in volume and 
aclivity, tlic blood circulated with greater iorce ; 
and when the incubation was neaily completed 
it flowed with extreme rapidity (Exp. CKVtt. 
CXXIII. CXXIV.CXXVI. CXXVII.CXXX- 
CXUII.) 

When the heart ceased to beat, the circulation 
was inimcdiately arrested ; when it recovered 
its motion the blood was re-aniniatcd likewise ; 
and upon suspending or I'enewing- the acHon of 
this muscle, the blood discontinued or recover- 
ed its lisiial inoriicnfuoi (ICxp. CXVIII". CXIX. 
CXX. ex XL) 

When the pulsatipns of the heart became less 
frequent, the blood llQwed with greater languor ; 
was even arrested at t!he commencement of the 
rliijstole, and resumed its motion only with the 
' ' * * following 
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following contraction (Exp. CXXI.) It would 
be difficult to afford stronger evidence that the 
heart is the sole and only moving power of the 
circulation, (IV.) 

Another fact worthy of remark is, that the mo- 
ment the heart ceased to beat, the venous was 
arrested before the arterial fluid*; and that 
after the re-establishment of the heart's motion^ 
the circulation began in the arterial sooner than 
in the \^nbus vessels (Exp. LXXX. LXXXII. 
CXVIIL. CXXI.) These phenomena admit of 
an eaSy solutipn; the veins receiving after the ar- 
teries the impulsion from the heart, were tlie first 
to lose the motion thus communicated to them. 
To this fact may be added the acceleration of the 
venous fluid (Result Thirteenth) which abated 
with the cause which produced it, that is the 
systole of the heart. 

SIXTEENTH RESULT. 

AItlK)ugh the coats of the large \ eins were 
thinner than those of tlie large arteries (Exp. 
CIX.) yet, in the middle-sized veins and arte- 

• This conclusion, the reader will observe, is in direct 
opposition to the evidence furnished by the experiments 
ftftfTtd to in the text, R. 11, 

T 3 ric5 
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ries, they appeared to be of tiie same thickness 
at least ; in al) iny experiments thp blood wai 
equally evident in both these species of veslds. 
In the salamander, the transparency of tbp 

* 

middle-sized and small vessels was so great, thiat 
the blood did not appear to be contained in a real 
canal ; and in some of the vessels we even per- 
' cejved the course of the circulation without ^^ 
assistance of a microscope (Exp. LXXXVII.) 
This, I presume, has not been observed h^ aay 
other aniinal, since the discovery of Haiyq^: 
yet, it was evident in the trunk of the aorta 
(Exp- V.) from the transparency^^ anid white* 
ness of its coats. 

SEVENTEENTH RESULT. 

- • . . • . • . • 

' Thft veins and arteries, considered in their 
whole extent, were of a conical form ; but the 
branches, taken singly, had a cylindrical figure 

(XI. xviiL xxxviii. XC XCVI. CXVIIT^ 

CLX. ) : some of them, however, were through- 
out of an equal capacity (Exp. LXXXVU. 

ex.) 

' EIGHTEENTH RESULT. 

The veins, in general, were of. a capacity 
larger than the accompanying arteries (Exp. 
XC. XCIII. XCVI.) and much more numerous 

(Exp. 
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(Eacp. XCVI). In the toe^entery of the sala- 
jBaiider» the number oC the fortDer wa$ dQuUJA^ 
that of the latter (Exp. XCVL); and it Uel4 
equally true with respect to the vesseU c<stBM 
posing, the umUilicai cord of the chick (Es^p, 
CXVII. CXVIIL &C-) It. should then $eei«, 
that the veins being supplied M'ith blood by the. 
arteries, its momentum in the first, ought to be 
less rapid than in the second upon the princi* 
pie that they contain a given quantity of tliis 
fluid. This, however, is one of those theories 
vbich may be overturned by experiment. All 
«iy observations prove, that the venous circu-^ 
lated with ihe same quickness as the arterial fluid* ' 
in the small and large vesseb (Result Twelfth) 
such as the mesenteric, the pulmonary, the aicil-^ 
laiy, &c. (E»p. XC. XCIII. XCVL CLV.) 

These results are in direct opposition to the 
experiments of Haller; but, I employed every 
precaution in my power to avoid error; an4 
after the most accurate and attentive examina- 
tion, I cannot agree with that celebrated phy- 
siologist, without departing from the truth. 
The reason >of this difference must, doubtless, 
be imputed to the vessels in my experiments, 
having been allowed to remain in their natural 
aituation; whilst he examined them after they 

T 4 were 
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were separated from the body of the animal; 
and it has been already noticed in the introduce, 
tion, how much this -last method is subject to 
allusion. I have then every reason to b<;lieve, 
that the greater ceterlty observed by Holler, in' 
the venous fluid, must; have proceeded' ' ^hi 
some disorder occasioned by the stretching of the 
mesentery.: which is rendered still more pro- 
bable by the stagnation and oscillatory tpotion 
of the blq^, which, according to this autlior/ 
succeeded eai6h other alternately. The authori* 
ty,' hoivever, of such a respectable observer, as 
Haller, induced me to make the most cautious 
dnd extensive observations, on the animals 
which fiad been the subject, of his experiments, 
viz. frogfe. When I prepared the mesentery with 
hooks, tlie arterial sometimes flowed more -rapid- 
ly than the venous blood; sometimes the last 
exceeded the former in velocity ; whilst at other 
times their momentum was equal. But When, 
on the contrary, I'iillowed: this membrane to 
remain in its natural [xisition, the circulation 
M-as uniform in this'»double order of vi.*ssels* 
(Exp. XCVIJ. &c.) t :. • 

■) • . This 

* Thc.expcrimcnls here related, seem to us only to 
prove, tliat in certain circumstances, the difference of 
momentum in the arterial and venous fluidsj may be 

nearlv 
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This equality of mot ion. was, never tl;de«s, only; 
present when tlie circulation was carried on with 

nearly equal, but by no means can they be considered as 
fully establishing the' fact in question, as a general law m 
the living system. Were ^c to found our esjtimate of 
the comparative velocity of the fluids, circulatins; in the 
arterial and venous systems, merely on the capacity of 
this jdouble order of vessels, we should certainly be led 
to A very difTcrent conclusion : for as the supi of the ca- 
pacities of the .veins exceeds, considerably, those of the 
arteries; so if the rapiditv of the blood's motion in the 
latter, did not exceed in the same proportion that of its 
return through the former, the'cquiiibrium of the circu- 
lation would be destroyed. This reasoning is farther 
supported by the authority of Dr. Hales, from whose 
experiments it appears, that the force with which the 
Wood returns to the right ventricle of the heart, by the 
two ve7id^ cavcB is in animals, when at rest, and nol^ 
agitated with convulsions, only equal to about. ~- of the 
momentum, with which it was propelled by the left ven- 
tricle into the aorta. No\y although^ in «i question "of 
this nature, no kind of r^asbning ought to have weight, 
when opposed by fair experiment ; yet, when wetafe^ 
into consideration the varietv of concurrent circuital 
stances which tend to produce a fallacy in oiy: pbsprvrt^ 
tions, and, moreover, that this conclusion is not oiily in 
direct opposition to probable reasoning:, but likt^wise to 
the experiments of other emiaJbnt physiologists, a more 
enlarged and comprehensive iricfuction sccfns still* neces- 
sary to confirm, or invalidate the results of ourAdthor^OT 

this subject.' > * '• -^ • *^ /?..//.^* 

-i * 3 force 
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force and rapidity; for. after it began to move 
by jets, it was ditticult to make a comparative 
estimate of its velocity; far less was it possible 
to exauiiue the corresponding aiteries and veins. 
because tlie circulatioQ was not uniformly rapid 
in all their dinVrent portions; thtiA, it was slower 
in the jiiesenteric vessels, than in those of tlie 
lungs, and the surface of the palate (Exp. XL. 
XLI. XCIH). It was the .same/ for example, 
in the splenic and hepatic veins, in which the 
blood exhibited the gieatest abatement of its mo- 
mentum (Exp. cvL cviL cvni.) 

NINETEENTH RESULT. 

Such was the influence of atmospheric air upon 
the pulmonary vessels, that it arrested or di- 
minished their momentum, U'hilst this visciis 
was rendered, either natmally or artigciatly 
empty (Exp. XX. XXXI. XCI.) When a» 
entire depletion of bile occurred, the circuUtioa 
likewise ceat>ed in the vessels of the gall-bUdder 
(Exp. XLIX. L) 

It was formerly a prevalent opinion, tnd sr- 
veral physiologists still continue to belierr, thkt 
the circuktion is carried on more rapidly ia Ac 
lungs than in other organs ; and their opinion 
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is principally founded upon this, that tlte blood, 
{resides the impulsion at' tbe heart, receives aa 
^ditionul momcntuip' from the lungs tbeoiselve*. 

I liave endeavoured, by every possible mode 
of investigation, to throw some light upon this 
important que:ition. The results have not been 
uniform iu the animals I have examiued, or in 
the diifcicnt pai ts of the vascular syntem. The 
blood iu the salamander flowed more rapidly ia 
the pulmonary thau in the mesenteric, or axil- 
lary vessels CExp. XL. XCIII. XCVII.); it* 
motion, Iiowever, in the first, was as great as ia 
the cutaneous vessels, and those of the velum 
palati (Exp. XI.I. LXIII. XCIV.) But in th» 
vascular system of ^^'ater and land frogs, the cir-v 
culation in evtry experiment was uniformly 
equal, llatlcr bad made the same observation 
upon toads. 

TWENTIETH RESULT. 

From thpsc experiments we must already be 
convinced, that the red glohulcs circulate with 
fqual velocity, excepting that round the sides 
of the vessels, tlieir momentum is less than ia 
the axis : as water runs vnilx greater rapidity 
in tlie nifklie than at the sides of a canal. This 
thee 
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tfaieoiy is confirmed fay afi mj oteennatiotifl, . 
nfhether the motioii of the blood was carried on 
in an uniform, irregular, oscillatory, or retro* 
grade manner (Exp. XCIX. C. CL CXXXIV.) 

. TWENTY-FIRST RESULT. 

'The arterial and \tfnous blood difFef neither in 
rfeii^ty nor colour (Exp. 'XCI. XCVI. CXXII.) 
atfd'after being draWn frbm the vessels, they ex* 
W&itfthe i$amc floldity, arid the sarte aptitude 
trf c&a^latc (Exp. XCII. CLIX.) provided; 
they have' been fiiroi^ed by vesseh of an equal 
ca()acity. When; hovi^ver, the arterial was 
larger than the venous branch, or vice versa, the 
lilood exhibited, fn^the first case, a' much da^er 
red than in the second (Exp. XCI.)' 

TWENTY-SECOND RESULT. 

It is a generally received opinion, that the 
blood which is at first yellow, assumes a broAvnish 
colour, which IS afterwards changed into a florid 
])yiCp^ in proportion as the animal advances in 

age. ./ • . ' 

'«■■.•'■ I 

« . t^ I ( .' - ■ I ■ I ■ ■ • • • 

;It js likewise believed, that the blood inclines 
n^o<e or lesi. towards yellow, as. its quantity is 
djipipished, or as; it is arrested, or retaijded in its 

course, 
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'coursr^ - either froofi'-want of fbod^^or in conse* 
quence of a h^morrfaage. 

ff 

These two questions discussed by Malphiglij\ 
Senac, Haller, &c. demanded^ on my part, the 
most accurate in viestigation ; - and I ha,ve a<;cord- 
ingly attended* with strictness, and iinpartiality^ 
to the labours qf these illustrious men, and.witli 
the most ardent desire to ascertain how far their 
opinions accorded with t)ie actual phapnomena 
.observed in the living system. For, in examin- 
ing the most generally received opinions, I Irave 
always rejected arguments drawn from authority^ 
and endeavoured only to ascertain the truth of 
the facts upon which they are founded. 

r , 

The blood of tH chick, during the first days 
of incubation exhibited all the colours alieady 
mentioned; but they were visible at the. same 
time:, for when this fluid appeared yellow in the 
small vessels, it had a brownish^ tint in. the 
middle-sized; was of a pale red in tlic large 
trunks^, and more J)articularly iia the heart (Exp. 
CXV.) : anterior to the fortieth honr^ neither 
vessels, nor circulation were distinguishable. 
This mixture of colours gave rise* in my niind to 
the most confirmed suspicions, respecting the 
truth of the foregoing theories': J'oif if yeltev 

were 
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were the origins! colour of the blooH, M-iiy vm 
it not evident in the extremities of the vessels^ 
or whVi more particularly was its colour dif- 
ferent in the heart, the trwnk, and the branches? 
Tliese different colours appearftl to be the effect 
of some optical illusion, produced, probaWy by 
the yolk of the tgg being seen at the same time 
with the vessels: for although the blood was 
essentially red, it might yet partake of the colour 
of the yolk in those branches, wherein the glo- 
bules were not numerous; but in proportion as 
this fluid advanced into the large vessels, the 
redness, from the increased number and size of 
the globules, as well as from their approximation 
to one another, counterbalancing the brilliancy 
of the yellow substance, presented to the e)-e a 
mixed shade of both colours, until at last, upon 
Teaching the trunks, it assumed its original co- 
lour fiom the globules destroying, by their 
intimate union, the retlection frimi the yt 
part of the egg. 



al CO- 

4 



This reasoning is, besides, supported by facts : 
■ ibr the vessels which crept upon the 3'cUow part* 
of the breast and belly of the salamander were 
jrf different coIqufs: the largest, of a pale red; 
the middle-sized, orangey and the small onc^ 
yellow (Exp. iXXIII.) That mixture of co- 

1(H 
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• 

lourSy however, could only proceed from a more 
'or less vivid light, reflected from the yolk of 
«the egg through the coats of the vessels; since 
it 18 now known that these animals have nO 
vessels but what are filled with red globules. 

Upon opening the vessels in which the blood, 
-at the time, appeared of a yellow, or brown co- 
lour, the fluid which flowed out, formed, near 
the oriflcCg a masft^ of a dark red hue (Exp. 
CLV.) 

When I placed, with great caution, upon a 
thin plate of glass, any arterial or venous ves- 
sels, without disordering the circulation, or car«^ 
rying along with them any part of the yolk, the 
blood uniformly presented a red colour, paler, 
however, in the small vessels (Exp. XXXVH, 
Dissert, III.) 

Before the fortieth hour of incubation, a yeK 
low 4>oint was sometimes visible, which, exa- 
mined by the microscope, without any portion 
of the yolk, appeared to be a small red body^ 
scattered over with the rude lineaments of san- 
guineous vessels*. 

* T^ie relation of thi9 experiment is here given, not 
havine^ beeii made at the same time with the others on 
the chick. 

4 Tliese 
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These united facts appear to establish, that red 
is the origiuaL colour of the bloody although it 
^as for some time extremely pale, and only ac- 
quired a florid purple, or scarlet colour, after the 
complete evolution of the organic system. 

llie same phenomena occurred in cokl-blood- 
ed animals. They did not even exhibit theleaAt 
appearance of that mixture of colours' which- was 
obser\'ed in the chicks because their vessels veifc 
defended from the reflection of tbeyellbw bpdy, 
as well as from every other coloured fluid.. The 
blood which had not, in tadpoles, for three days 
after excUision (Exp. CXLV. ClJs^LVI.) any 
determinate colour, assumed on tlie fourth, a 
reddish tint in the auricle, ventricle, and trunks, 
in which the greatest quantity of globules were 
accumulated (Exp. CXLVIL CXLVIIL) The 
number and approximation of the globules were 
M> . essentially nccesiiary . to the. redness of the 
blood, that it was. even transparent until the 
sixteenth, or eighteenth day in the small vessels 
(Exp. CLIV. CLV.); on the twentieth, the 
xhole mass of blocwl h;id acquired a red colour 
(Exp. CLVI.) wliirh became every day more 
and more florid. It is worthy of remark, that 
the blood in the chick appeared more or less red 
betorc the second day of incubation, whilst that 

of 
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9f'the tadpole did not acquire the same qqIout^ 
until the fortieth day after exclusion. In %hm 
first, the arterial and venous fluid exhibited on 
the fifth, a purple colour (Exp. CXXVII):;- 
irhilst in the second^ it continued, of a pale P^d 
until the fiftieth (Exp. CLXII.) and only aq- 
quired, on the sixtieth, or rather the sevea(y^ 
first day, tlie brilliancy it posses;^ in full growj^ 
animals (Exp. CLXI V. CLX V. ) The low tein. 
perature of the blood in tadpoles, relatively t^ 
that of the chick, seemed to uie partly to occa- 
sion this difference. The. facts which appeared 
ip the course of my examiQaliofi, in order to 
ascertain whether the yellow colour of the blood 
proceeded from a great deficiency of that fluid, 
<k: from a long want of food, have compelled me 
to r^ect the opinion of Haller .on this subject 
I perceived in fact, this yellow, and even the 
i|(uxture of yellow and red, of which he speaks^ 
but I flatter myself, with being ablq to pipve^ 
that this mixture of colours, as in the chick, wai 
only the effect of an optical illusion, for upoti 
examining, with refracted light (which was emr 
ployed by Haller), the mesentery of several 
frogs, which had sustained a long privatiol^ of 
food, I observed an obscure white in the amaU 
arterial and venous branches, a yellow tifit ifi 
ti^ middle-sized, a. dark yellow m the krga 

u vessels, 
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vessels, and a more or less florid red in the trunks 
*f this membrane. But upon the substitution 
of reflected light, of all these different colours," 
the red only remained, and was evident through- 
out the vessels, although much paler in the ca- 
pillary ramifications, and less brilliant than in 
animals which had not suffered from want of 
food (Exp. XXXI. XXXII.) The blood insa- 
lamanders being more tenacious of its colour, 
it was necessary to withhold their food a much 
longer time, in order to produce the same 
effects, which were observable on examining 
with refracted and reflected light the vessels of 
the frog (Exp. XXXII.) 

When almost a complete depletion of blood 
had been prodirced in the mesenteric vessels of 
the frog, the globules appeared reddish by re- 
flected, and of a pale shining yellow by refracted 
light (Exp. LXXVIII. LXXXVIII. Dissert 
III). Such was even the contrast of these 
shades, that they were evident to the naked eye 
hi the large vessels. 

The opposite results produced by the^e two 
methods of examination, are, in my opinion, 
susceptible of a satisfactory explanation. For, 
as the globules are singly permeable by the lu- 
minous 
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thinous rays, it follows, that those in the capil- 
lary branches are so suiTOunded by the refracted 
light, that the red, peculiar to each of theto^ 
being eclipsed by its lustre^ can only present a 
palle whitish cloud. In the large vessels^ on the 
contrary, the globules, either from their greater 
number, or more near approximation, affording 
less easy access to the light, were observed to in- 
cline towards a more or less bright yellow; 
(whilst the very great number of globules in the 
trunks, and large cavities, being nearly inac- 
cessible to the light, continued to preserve their 
ted colour. Hence, it must be evident, that re- 
firactcd light produces upon the mesenteric 
Veins and arteries, the same effects as the yolk 
of the egg on the vessels of the chick. But, the 
blood examined by light, reflected only from 
the surface of the globules, exhibited its tnie 
mid natural colour throughout the vascular 
system; and, if it appeared paler in animals 
that had been some time deprived of food, this 
effect proceeded rather from the stnaJler quan- 
tity of the blood, than a diminution of its 
colour. 

From these facts wfc must conclude, that red 
is the original colour of the blood; that in pro- 
portion to the growth of the animal, and the 

V 2 strength 
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Strength arid evolution of the vascular systetn^ 
this colour becomes more vivid, and afterwardft 
acquires that purple shade by which it is dis- 
tinguished in a state of health. That the want 
of nourishment, by diminishing the vital energy, 
and consequently that of the hearty #uid san- 
guiferous s>ystem, enfeebles the different idegrees 
tif this colour, until it is almost entirely efiiocd. 
In short, that those wiiite, shining, and ycHdw 
tints. &c. are the eilcct of an optical iUuston, or 
isome other cause. 

I ought here to correct an error whi^h had 
^lipt Hito my tiratise upon animal re-prodiictiooi 
(Chap. XXXIV), in which it is said, that the 
globules, in tadpoles, were of a pale yel^ov oo- 
h>ur. At that time, I employed refracted light; 
by which the blood ot* these animals app^^red of 
a true yellow: but, it was changed into a dark 
florid purple, by the use of that kind of refracted 
light, which I have described in tl)€ intnoduc- 
.tion to this work, ami which I employed in any 
A^^perimcnts upon tuii^^ok^. 

It farther results from the details in which wc 
bave been ci\gaged, that several celebrated ana- 
^oinisRs bare been ermneously led to admit the 
^Nistettce gf serous» tyn.phatic vessels, wherein 

circulate 
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circulate yellow, or colourless globules. The 
truth is^ that these appearances proceed from the 
employment of refracted light, and that these 
sup{X)sed lymphatics*" make a part of the san- 
guiferous 

* No part of the aniip^l ^onomy has mofc occupied^ 
the attOi^tion of physiologists^ for nearly half a. century, 
iimk the system of vesseb denominated, from their struc- 
^urc> valvular lymphatics* These vcjssels, it was formerly^ 
supposed, derived their origin from the capillary arteries,. 
wjth which they were freqi^eiUly confounded; while, at 
the Sfame- time, the office of absorption was altogether 
attributed to the sanguiferous veins. The anatomists of 
this island, in particular, have, however, long ago de- 
monfttrate4, that the vs^lvular lymphatics arq not conlinua- 
pons of the lymphatic arteries 3 but constitute a distinct 
genus of vessels, which, with th^ lactcals, are compre- 
l^ded under the name of the absorbent system : the 
knowledge, and study of which have thrown considerable 
tight upon many pathological phxnomcna, and greatly 
contributed to advance medical science. The lympba* 
tics, it is true, have, in some parts of the human system| 
eluded our most industrious researches; but, unless we 
deny the existence of every thing which docs not falj 
under the cognisance of our senses, and reject all reason* 
ing from analog)', it must seem sufficiently probable, 
that they are generally diSTused throughout ever)' part 
of the animal frame^ As tlic motion of the lluids, in 
these vessels, is carried on without any vis a iergOy or 
fpy mechanism analogous to the functions of tlie heart; 

c 3 and 
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guiferous system ; since the same globules ap? 
pear when viewed by refracted light, yellowish, 
or oYa shilling white, in tlie small branches, and 
of a reddish colour in the large vessels (Exp. 
LXVIIL LXIX. LXX.); upon the adoption, 

and as^ in the lymphatics of Some animals^ the valvular 
structure is wholly wanting, excep- at their tcnninationS| 
it seems reasonable to infer, that their coats are of an 
active, and contractile nature. If, then, we apply (his to 
the circulation of the blood, and reason frotti analogy^ 

• 

w^e shall be led to conclude, that the sanguiferous system 
is, in like manner, endowed with a contractile power^ 
and that tliis susceptibility, (whether depehd.ent on «(l 
inherent or influent energy) is essential to the circulauon^ 
secretions, and other important functions of thq living 
system. Although, our Author's knowledge of this part 
of the animal economy seems to have been very incor- 
rect, we may yet safely affirm, that few men were ii^ 
general, better qualified to explore the depths of sciencCj 
or to unfold the arcana of nature : his experiments ap- 
pear uniformly to have been conducted with great cau- 
tion, and to be related with equal impartially : his de- 
ductions fire evidently the result of sound argument, and 
solid judgment, except in a verj' few instances, wherein, 
it cannot be dissembled, he has been betrayed by pre- 
judice, or a blind attachment for a prc-conceived theory, 
to the adoption of opinions which, to those who enter 
into the investigation of the subject, must appear not only 
controvertible, but, in direct opposition to the evidence 
of his own experiments. Jt. H. 

JiowevtT, 
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Bowever, of reflected liglit, those dHFerent grftt 
cbEtions of colours change into a red, and florid 
purple: Experiments XXVIII. LXVIII. arid 
more particularly LXX. appear to the entirely 
to resolve this question (6). I pretend not 
wholly to deny the existence of the lymphatics,' 
for although they are concealed from the sight,!! 
I believe that, independently of the sanguiferous 
system, the atiimal machine is provided witU 
minute canals, which contain only a serous, or 
mucous fluid: all I contend for is, that thos^ 
which have been arranged in the class of lym- 
' phatics, belong to a different order of vessels^ 
Farther, that an invisible fluid circulates in the* 
yenous, and arterial vessels (6), which serve as a 
vehicle to the red globules, is a fact, which may 
be ascertained, either from the motion, which 
they exhibit in the capillary veins, and even 
upon tlie surface of the mesentery itself, without 
coming into, actual contact with each other 
(Exp- LVL LVIII. LIX, LXVIII. LXXI. 
LXXIII. CXXX.) and without experiencing 
the least impression, from the vascular mem- 
branes(Exp. LVIII. LXXIIL); or by their pas- 
sing spontaneously from a state of inaction, in- 
dependent of any reciprocal collision - (Exp. 
LXXJL)> ^^^ these eflfects which are evident at 
sm early period after the exclusion of the tad- 

u 4 pole, 
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pQl^,i*Ct(i;^P* LXXIII. CXUX. CL GLli) 
)a4i(l)ite9^jy,'pr^vei tHat this fluid has then lo 
p[;istence,. 9QQite.it is necessary^ not only tomaiiH 
taioibut >tQ communicate the fir$t. impulBiosk^to 
the QircuIaf(ioi\. — r^l shall ot^ijuclude this result 
with a sing^le ob^vation. In speaking of tad^ 
poles, I h^ye saici> that the union of several glo« 
bules was necess^iy^ .duriog some days, in order 
\o .diistinguisU their red colour. I did not mean 
tio assert) that (he colour of the blood proceeded 
i^om: th^ accui»\^lation of globules, or that 
singly: they had not a reddish tint; for, I belkvc 
t^at eiach gldhjuie possesses an inherent cobwri 
hut S0 pate w4 feeble* as not to be evident, unt* 
k^ thi^y .are in a considerable quantity. Itt 
fact^ wheJti viewed one by one, the globules, ift 
the chick and tadpole, excepting during thefint 
days,wereaIlofa red colour (Exp. LVI. LXIV* 
CXXIV. CLIV. CLVL) which soroettmei 
even resisted the impression of refracted light 
(Exp. XLIX.)* their number, however, and near 
approximation, appeared to heighten the rednefii 
pf the blood (Exp. XXVIII. LVL LXmi 
JLXIX.) 

tWENTy. THIRD RESULT. 

We have hitherto given the appellation of 
globules to the red particles of the blootl ; and, 

m 
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ia tihus confonning to the language of physioliH 
gists, we have not departed from truth ; as thesd 
atiolecules were nearly of a spherical figure (Exp. 
XXVIII. LXV. LXVI. CXV. CXLIX.) and 
possessed the same form and size in young, as in 
full grown animals. 

TWENTY-I^OUHTH RESULT. 

V 

I » 

■\ Ajx elastic property has been, by turns, accord^ 
td.and refused to the globules. Whilst many 
have contended, that they experience either from 
friction, or by passing through the sinuosities of 
)lie vessels, a change of figure and volume; 
Oitbers have affirmed, that they are unsusceptible 
of any sensible modification. 

I have endeavoured to throw some light upon 
this contested, and obscure point. The arteries, in 
which the pulsations were evident, appeared to 
me well calculated to answer this purpose; be-» 
GWse the^ globules^ producing by their action 
against the sides of these vessels, the phsenomena 
of pulsation, must experience, unquestionably, a 
re-action, from the vascular coats, which is com*^ 
n}j{nicated to the molecules in the axis of the 
can^: and the globules cannot yield to the in* 
fluence of two opposing forces, if their organ iza* 

3 tion 
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tioa.be suscq)tible of change, without an altera 
tion in their form and volume. Such,: however, 
was the rapid motion of the globules, that ife 
was impossible to ascertain, whether they we». 
elastic, until the circulation waa abated, by the 
artificial compression of the heart, or impaired 
action of the vascular system, when the motion 
of each globule was readily distinguishable; 
although, even then, it was not evident, that the 
reciprocal cotlistbn of the globules, or thdr fric- 
tion against the coats of the vessels, produced 
the smallest change in their size or figure. 

. Those arteries wholly destitute of pulsation, is 
well as the capillary vessels, wherein the ^o- 
bules circulated singly, gave not a more satisfac* 
tory result (Exp. LVIII. CXXX,). Disgusted, 
by so many useless researches, I renounced a pur- 
suit, which I should wholly have forgotten, had 
not the blood in the giljs of the young salaman- 
der revived my curiosity, or rather afforded a so- 
lution to my enquiries. I had the satisfaction 
of discovering that, in this animal, the globula 
were elastic, and I am so well convinced of 
this fact, as to rest upon it the truth of 
this important, and delicate question (Exp, 
LXXIII.). 

Although, 
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Although, Haller had twice observed a change 
occurin the figure, and size of the globules, he 
HCvertheless doubted the truth of their elasticity.- 
Upon this subject, it is observed, by this cele- 
brated physiologist, 

'*^' In numerosissimis animalculis minoribus gIo« 
'' batos Siiiitarios per minimas venulas, ferri vidi, 
^ * perque frequentes earum venarumanfractus iter 
** sibi aperire. Vidi quantum ad excitandam earn 
'* dpinionem satis est, sed id utique non vidi quod 
'* suificiat ad ponvincendum hominem unice veri 
** 9tudiosun), micatio enim aliquaadfuit, allerius- 
^'•que subinde fasciculpc, lucidas modo, et mode 
*• olpscursc in globulo alternae apparitio." PAy- 
sifi:" torn. 11, pag. 5S. 

* 

I cannot but applaud the philosophic caution 
pf Haller, being convinced that the fact vhich 
he has related is not fully adequate to the solu- 
tion pf the^question. It is even my opinion, 
that his observation was well founded ; because 
tbc change in the globules, or rather the optical 
illusion produced by the refracted light, he em- 
ployed, disappeared with the reflected light 
used in the experiment, of which I have spoken, 
and which entirely removed every suspicion of 
Reception. The globules expcrieijced such an 
4 evident 
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evident aod considerable eloDgatioHi as ahPVst 
equalled the half of their s^e ; they bf si4es 9fn. 
sumed a shape corresponding ta the angles and 
sinuosities^ of th^ vessels,* and recove^, japoq 
again emerging, their original .fpfip* 1% jf^ 
however, incumbent on me to mention, that it 
does Qot fre(}uently happen that t^iis .iibajige in 
tlie figure of the mqlecules can ))^.€tiscerned. so 
clearly: fof-, excepting k) tliis iwtaQCC|» whidi 
was partly n^cidejitf^l, I have never been abk to 
discover. 9Xi elastic property in the glolndes, 
although I have, Mv^nd times, repjeated thfi ex- 
periment. 

■ * • 

TWENTY'FIFTH RESULT. 

Wc agree with I^wenhoeck, that Warm- 
blooded animals, caeteris paribus^ have a greater 
number of red globules than those with cold 
bl«K)d. This* opinion is certainly just, when ^vc 
regard these two classes of animals, at the com- 
mencement of existence; but upon ifistituting 
the same comparison, at a more advanced period, 
it will be found, tliat tliis disproportion has dis- 
appeared. Thus, tadpoles, and young salaman- 
ders have, ill proportion to tlieir size, a less 
number of red globules than the chick in ova 
It was not uucomn)on to observe, in the firbt 

portions 
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portions of the capillary ramifications wholly de- 
stitute of globules (Exp. LXXIII. CXLIX.. CL. 
£LII.); in the second, however, excepting once, 
they were always full of red molecules. The 
same proportion was evident, between the fnidr 
dle-sised, and large vessels^ in these two classes 
of animals ; but, as the tadpole and salamander 
increased in growth, the quantity of blood 
likewise augmented, so that, after the complete 
evolution of the vascular system, their vessels 
mtre equaUy full of this fluid, as those of the 
dlidc. The same observations are applicable to 
land, and water frogs, as well as to grey, and 
green lizards. Tliese animals, howevier, must 
be in a state of health, and vigour, othenvise, 
Uiey have a less number of globules. Haller 
hfts made the same observations, resqpecting 



frogs* 



TWENTY.SIXTH RESULT- 



The result of all my experiments have evinced 
the globules to be of the same size, and figure ; 
excepting that, in the salamander, some were of 
mspheroldal form, whilst others were round, and 
only half the size of tlxe former (Exp. LXVI. 
XXVII. LXX.) 

EXESaOCBNT 
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TWENTY-SEVENTH RESULT- 

A difference, characteristic of coM, and warm* 
blooded animals, proceeds from the transparency 
of the vessels in the^ktter, enabling us to dis- 
cern the circulation of the blood, at every pe* 
riod of their existence: whilst, in proportion to 
the evolution of the former, it is gradually ob- 
scured, from the increasing thickness of the vas- 
cular coats. Towards the fifth day of incaba* 
tion, the circulation became less apparent, mtht 
umbilical trunks of the chick (Exp. CXXVIL 
CXXVIII.); and on the sixth, could only be 
discerned in the middle-sized branches (Exp. 
CXXX.) The course of the blood, on the nine* 
teenth day, was perceived with difficulty, even in 
the smaller ramifications, from the more com* 
pact texture of the vessels (Exp. CXLIII.) 

The motion of the fluids could scarcely be 
seen after the fourteenth day, in those vessels, 
which were distributed to the membrane of the 
yolk (Exp. CXL.) : and, even in the body of the 
chick itself, at the same period, the circulation 
ceased to be evident, as much from the greater 
depth, to >ihich the arterial and venous vessels 
had penetrated, into the cellular substance, and 
the greater opacity of their coats, as from the 

feathers 
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feathers with which the animal Avas aheady co- 
vered. 

TWENTY-EIGHTH RESULT. 

We shall conclude these results, with a single 
remark, respecting the organization of the chick. 
At first, two principal veins and aiteries were 
evident (Exp. CXV.); and afterwards, two small 
veins, which increased so as to cover the two 
ikrge art-ries (Exp. CXVII. CXVIII. CXIX.) 
or to pursue the same direction (Exp. CXLIV.) 
At last, we discovered a prodigious number of ar- 
terial, and venous branches, of which, no vestige 
had appeared, during the early period of incuba- 
,tion (Exp. CXVII. CXXVII. CXXVIIl.) \ 

Must we hence conclude, that these new ves- 
sels were formed during the incubation of the 
egg? A follower of the theory of Epigenesis, 
according to which, it is supposed, that the or- 
ganization of living bemgs is gradual and suc- 
cessive, would, doubtless, adopt the affirmative 
side of the question; but, ought we to conclude, 
that a thing has no existence, merely because it 
does not fall under the cognizance of our senses ? 
The organizati<m of the viscera in the chick, to 
CQO£u£ myself to vour subject, js absolutely invi- 
sibly '^t an early period of incubation: yet, we 

are 
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are compelled to admit their pre-existence, since 
digestion, nutrition, and other principal func- 
tions are already performed, by the animal in 
embryo. Tlie lungs, and liver of the chick, 
were only visible, when they had attained a size 
equal to the thousandth part of an inch ; and the 
other viscera were gradually evolved from the 
seventieth to the hundred and fortieth hour. 
Ought we then to believe, that all these parts 
were formed in succession, more particularly if 
it be true, as Haller has demonstrated, that .the 
chick exists before fecundation ? Now, if these 
different viscera were not produced successively, 
we must presume that nature would foUo^v the 
same course, respecting the formation of the 
new vessels of the chick, and that they are co- 
existent with the arteries and veins discerned at 
first, but that their evolution is longer delayed, 
from the smallness of their. capacity, not allowing 
the blood to penetrate with the same facility. 
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DISSERTATION III. 

*ON THE PHJENOMENA OF LANGUID CIRCULATIOK; 
AND THE MOTION OF THE BLOOD^ INDBPSN«> 
DENT OP THE ACTION OP THE ^EA.RT^ AND 
THE PULSATION OF THE ARTERIES. , 

■'»■* ■■■■■— ■^■^> .<i. 

ff 

SYNTHETICAL VIEW OF THE EXPERIMENTS. 



SECTION I. 
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On the phcenomena of languid circulation *. 

EXPERIMENT I. 

On one frog. 

X HE blood circulated in the mesenteric vessels 
of this frog, which was of the largest size, with 
equal force, and rapidity. After thirty-six hours, 
the venous fluid exhibited its usual momentutn^ 

* What is here understood by languid circulation, is 

^at, which proceeds from tlie progressive diminution of 

the vital functions. 

X and 
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and the arterial an unequal motion, that is, less 
rapid, during the diastole of the heart. 

Tlie bloody en the second day, scarcely floM'ed 
in the veins ; it stagnated at every diastole, in 
t-h^ arteries, and only recovered scrtne degree of 
rtotion, upon the contraction of the heart. At 
thd begitfining of the third day, t!ie circulation 
was no longer perceivable; and the vessels, ex- 
cepting some small branches, remained full of 
bipod. 

I ought here to mention that I placed, under 
a glass vase, without altogether interrupting the 
communication with the atmosphere, the diffe- 
rent animals which I examined ; by this method, 
the circulation was protracted, as the vessels, &c. 
remained longer moist, than when left exposed 
to the external air. 



EXPERIMENT II. 

Although the blood, in the mesenteric vessels, 
circulated with rapidity, its colour had, in a 
great measure, disappeared. 

The velocity of the venous tluid gradually di- 
minished, so as scarcely to evince any appear-. 

ance 
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^nce of motion. At the end of eight, or nine 
hours, the arterial hlood moved more languidly in 
thediastole, than the systole of the heart. During 
these two periods, its ihomentum abated, by de- 
grees, and at last ceased, in an imperceptible 
manner, through all the ramifications. 

EXPERIMENT lit. 

On four frogs. 

1 shall here only relate the results : the circu- 
lation ceased sometimes sooner, sometimes later; 
but the retardation of the blood was the same 
as in the foregoing experiment: and all the 
vessels (those of ii single frog excepted) remain- 
ed full of this fluid. 

EXPERIMENT IV. 

On two salamanders. 

At the end of eighteen hours, the impubion 

of the heart scarcely extended to the arteries. 

Although the blood stagnated at the beginning 

of the third day, in the small vessels, it still 

preserved some motion in the middle-sized, and 

large ones. When the circulation ceased, the 

greatest part of the vessels remained full of 

blood. 

X 2 EXPERIMENT 
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EXPERIMENT V* 
On tzco grey lizards. 

In the lizards, the circulation was sooner ar- 
restedi than iu salamanders and frogs, llie 
blood havini? flowed into the large vessels, the 
small branches were left almost wholly empty: 
its motion ceased in the same manner, as in the 
former experiments. 

EXPERIMENT VI. 

On aeveral salamandci^s^ frogs, mid grey lizards. 

Here the mesentery M'as not fully displayed : 
for it was my intention, neither to displace this 
membrane, nor tear asunder the teguments, until 
the enfeebled action of the vascular system ap- 
peared to produce some effect on the circulatioD. 
Before, therefore, preparing the animal, I left it 
extended upon the gibbet for two or three days, 
after whicii, the circulation terminated in the 
same gradual, and insensible manner, as in the 
experiments ah'eady related: and the arterial 
and venous vessel^i, likewise, for the most jKirt, 
remained full of blood. 

EXPERIMENT 
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EXPERIMENT VII. 

On several tadpoles; the seventh day after 

occlusion. 

I placed, upon a watch glass, several tadpoles, 
whose vitality was exhausted by degrees. The 
changes to which the circulation became sub* 
jected, constituted the principal object of my en- 
quiry. The course of the blood was perceivable, 
only, in the gills, and was like to that, which I 
have, elsewhere (Exp. CXLIX. CLI. Dissert* 
I. ) compared to a wheel, which revolved, and 
stopped alternately. This motion (the tadpoles 
were out of the water) continued during a 
quarter of an hour, after which, the revolutions 
became less frequent; and, at last, were only 
partially performed, until the circulation wholly 
ceased in the gills, the vessels of which remained 
full of blood. 

EXPERIMENT VIII. 

77ie tivelfth day. 

The circulation began to be disturbed, after 
the tadpole had remained out of the water nine- 
teen minutes. The venous blood had lost part 
pf its velocity, in the head, and tail, and the 
^terial discontinued its course, during the dila- 

X 3 t^tion 



310 ON THE CIRCULATION 

tation of the heart This stagnation continued 
longer, and the circulation abated, more and 
more, at every systole, in the venous and arterial 
vessels, until the circulation insensibly termi- 
nated. It is worthy of remark, thai it ceased 
first, in those portions most distant from the 
heart. The vessels remained full of blood. 

EXPERIMENT IX. 

The eighteenth day. 

This experiment differed from the preceding, 
only in this, that the tadpole having become 
more vigorous, the abatement, and cessation of 
the circulation were delaved to a much later 

Wishing to learn, if the motion of the blood 
ceased sooner in the vessels, in proportion to 
their distance from the heart, or in consetjuence 
of their becoming sooner parched, (which was 
the case with those of the extremities) I en- 
deavoured to preserve, in both, an equal degree 
of humidity. But the circulation ceased in the 
arterial and venous vessels of the tail, sooner 
than in those of the head: hence, I concluded, 
that the stagnation of the Mood, in these vessels, 
was occasioned, by their greater distance from 

the heart. 

EXPERIAIENT 
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EXPERIMENT X. 



Results of several crperiments on full grown 

tadpoles. 

In witnessing the progressive debility of these 
animals, I observed the same phaenomcna I have 
already described, viz. that the circulation ter- 
minated, in a gradual, and insensible manner ; 
that it ceased sooner in the arteries, and veins 
most distant from the heart; and that the vessels, 
for the most part, remained full of blood. ^ 

EXPERIMENT XI. 

I next turned my attention to warm-blooded 
animals, and selected, for the sulyect of my 
examination, a turkey egg, after two days 
incubation. When it had been prepared six 
minutes, the heart beat more slowly; the arte- 
rial fluid stagnated during the diastole, and the 
venous exhibited an uniform, but extremely 
languid course. Ten minutes later, the pulsa- 
tions of the heart were less frequent, and at 
every diastole the blood even ceased to circulate 
in the veins. The small remaining motion, 
which this fluid preserved, during the systole, 
di:>appcared by degrees, in the small and large 

X 4 arterial 
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arterial and venous vessels; and upon the stag- 
nation becoming general, the blood was accu- 
mulated in the portions nearest the heart 

EXPERIMENT XII. 

The results were the same, from the examina- 
tion of a turkey eggy after four days incubation 
as in the last experiment; only that before tlic 
circulation entirely ceased, the blood exhibited 
an oscillatory motion, first in the small arteries, 
J* afterwards in the middle-sized, and last of all in 
the large trunks. 

EXPERIMENT XIII. 

Having already related the effects produced 
by the slow and progressive debilitj' of the ani- 
mal, I shall now enquire, what might be those 
which will result from a violent death. The 
experiment was easy, and merited attention. 
After preparing the mesentery of two frogs, and 
immersing the animals, a few minutes, in a 
vessel filled with sulphureous gas, the circulation 
was instantly arrested. The blood with which 
the vessels were filled, after death, was of a clay 
colour. 

EXPERIMENT 
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EXPERIMENT XIV. 



Tlie foregoing experiment, not having ful- 
filled the end I had in view, I varied it, so that 
a stream of the sulphureous gas was directed 
upon the head of the animal, during the time I 
examined the mesentery. The blood oscillated, 
augmented in quickness, took a retrograde di- 
rection, and altogether ceased, from the con- 
vulsive spasms, no doubt, with which the ani- 
mal was affected. But scarcely was the \'a- 
pour withdrawn, until they ceased, and the cir- 
culation re-appeared, but, with diminished velo-* 
city. After the lingering death of the animal, 
the vessels, as before, were full of blood. 

EXPERIMENT XV. 

I exposed two frogs, at different intervals, to 
the sulphureous vapour somewhat modified: yet, 
it produced the same effects as formerly: only 
the velocity of the blood, upon recovering its 
course, appeared to diminish, in proportion, as 
the animals were oftener exposed to the sulphu- 
reous steams. 

EXPERIMENT XVI. 

I placed several frogs, under the exhausted 
receiver of an air pump, in such a manner as 

to 
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to enable me to direct the microscope upon the 
mesentery; knowing that these animals could 
exist, a long time, without air. The arterial 
and venous blood circulated, for two hours, 
with its usual velocity, after which, it exhibited 
an unequal motion, or rather a mere abate- 
ment, which, three hours later, terminated in 
absolute rest. I then withdrew the frogs, which 
had not the least appearance of life. 

EXPERIMENT XVIL 

Oil several grcif. lizards^ fr^S^j ^^^^ salamwiders. 

I placed these animals, separately under the 
exhausted receiver of the air pump: and the re- 
sults were the same as in the preceding experi- 
ment, only the circulation ceased sometimes 
sooner, sometimes later. 

EXPERIMENT XVIIL 
On tico frogs. 

Although the want of air had not produced 
any change in the circulation, it appeared to nie, 
that I ought not to confine myself to these ex- 
periments; for when I examined the animals, 
the blood, moving with such rapidity, might 
experience a retardation, which the ej'c could 

not 
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liot perceive; as it is impos&ible to distinguish 
the progressive degrees of velocity, which a body 
loses, wliose motions are extremely rapid, I did 
not therefore exhaust the receiver, until the cir- 
culation began to abate ; but the blood invari- 
ably preserved the remaining degree of motion, 
with which it was agitated. 

SECTION 11. 

On the effects of the gravity of the blood. 

EXPERIMENT XIX. 

Having examined the effects of the weight of 
the blood, in the venous and arterial vessels, I 
wished to ascertain those, which it would mani- 
fest, out of the body, I received in a small 
ressel, filled M-ith pump water, a few drops of 
blood drawn from the aorta, or vena cava oi z. 
living salamander. This fluid formed several 
flakes, of which the filaments extended to the 
bottom of the vessel, where they deposited a 
reddish pellicle, which, examined by the micros- 
cope, was discovered to be a mass of sanguine- 
ous globules. 

EXPERIMENT XX. 

The venous and arterial blood, which had co« 
agulated before touchiug the surface of the 

4 water, 
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water, was precipitated to the bottom df the 
vessel, with greater rapidity than in the last ex- 
periment. 

EXPERIMENT XXI. 

We killed several salamanders, in different 
ways, without inducing a consequent coagula- 
tion of the blood, in the large or middle-sized 
vessels. This was usually accomplished by a dis- 
charge of electricity, or by covering the animal 
with common salt After having employed the 
first of these methods, I suspended the salaman- 
der by the head, in a direction perpendicular to 
the horizon. The blood, in the vena cava and 
aorta, was instantly precipitated to the inferior 
extremities; but recovered its original situation, 
upon placing the animal in a horizontal posi- 
tion. This fluid flowed rapidly towards the 
head, upon reversing the salamander, and rc- 
desccnded into the vessels of the tail, when I 
changed the position of this extremity. The 
middle-sized vessels exhibited tlie same pheno- 
mena, experiencing only more slowly the effects 
of gravityy l)ut the circulation, in the small 
branches, seemed to be little influenced by this 
law. 

EXPERIMENT 
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EXPERIMENT XXII. 



I removed all the viscera contained in the 
thoracic cavity, without injuring the two trunks 
of the descending aorta (Exp. II. Dissert. I.) 
wherein remained some drops of blood. This 
fluid flowed rapidly from the trunks to the aorta, 
when the head of the animal was placed in a per- 
pendicular position ; but upon reversing it, the 
blood again passed from the aorta into the trunks 
with the same velocitv. 

EXPERIMENT XXIII. 

The mesentery was stretched with hooks, for 
an hour and a half, and the circulation, in se<- 
veral veins, was carried on with e-\treme lan- 
guor. I changed the position of the mesen- 
tery, and placed.it, with the intestines, in such 
a manner, that the venous blood was obliged to 
ascend perpendicularly. But far from following 
this direction, it instantly stopped. I next 
placed this membrane, in a situation equally 
favourable to the action of gravity, and the na- 
tural course of the blood, which then evinced 
some degree of quickness, and recovered its 
lisual velocity with the original position of the 
aiesentery. 

EXPERIMENT 
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EXP£RIM£NT TXLV. 

I placed horizontally the mesentery of a frog 
held stretched with hooks ; the circulation, in one 
arter}% diminished, during each diastole of the 
heart. This vessel had been placed in a situa- 
lion favourable to the power of gravity, and the 
circulation was not much increased. I obsen^ed 
the blood, raised at every systole, but again fall 
back at the end of each contraction. The blood 
assumed an oscillatory motion, by means of 
w^hich, the globules arose or descended with the 
systole or diastole of the heart. 

EXPERIMENT XXV. 

The blood circulated with rapidity in the me- 
senteric arteries. Tlie power of gravity pro- 
duced no change in its motion, whatever might 
be the position of the vessels, whether perpen- 
dicular, horizontal, &c. 

EXPERIKfENT XXVI. 

One artery after having crossed the mesen- 
tery, formed upon the stomach, an infinite 
number of flexures and convolutions, in which 
the blood moved so rapidly, that it was impos- 
sible to discover, if its action was conformable or 
in opposition to grayity. — 

One 
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One of the arterial mesenteric vessels received 
ibur or five globules at a time, tlie motion of 
ivhich became more rapid, when influenced by 
the power of gravity, and almost stopped, when 
this force was opposed to their course. 

EXPERIMENT XXVll. 

# 

Several venous ramifications united on emerg- 
ing from the stomach, into a single trunk, 
wherein the blood circulated languidly, when 
these vessels were placed hi a horizontal position ; 
but upon experiencing the power of gravity, this 
fluid redoubled its velocity, and stopped, when 
obliged to circulate against its own weight. 

EXPERIMENT XXVIII. 

Uponleaving the animal in a horizontal posi- 
tion, the blood scarcely moved in the perito- 
neal vein (Exp. LXXXVII. Dessert. 1.): it was 
precipitated with equal rapidity into the vessels 
of the tail, or head, according to the position of 
these extremities. In the firsft case, the motion 
of the vein imitated that of an artery ; in the 
second, this vessel recovered its natural action. 

EXPERIMENT XXIX. 

Tlie blood circulated languidly in the descend- 
ing vena cava, and the ramifications, which anas- 
tomosed 
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tomosed with it. Upon placing the head of the 
salamander in a position perpendicular to the 
horizon, this fluid took a retrograde direction 
towards the origin of the tail, with a partial re- 
flux into the ramifications of the vena cava: it 
was precipitated, on the contrary, into the in- 
ternal parts of the hea4 upon reversing the pos- 
ture of the animal. 

EXPERIMENT XXX. 

No change was produced on the momentum 
of the blood, whatever might be the position of 
the pulmonic veins. 

EXPERIMENT XXXI. 

Tlie circulation of the blood, in the descend- 
ing cave, was unusually rapid. Upon being 
forced to flow upwards, it continued its course 
towards the head, but with only half the rapi- 
dity it evinced, when this vessel was. placed in. 
an opposite positipn. 

EXPERIMENT XXXII. 

In a capillary vessel of the ovaries, the blood 
exhibited an oscillatory motion, which appeared 
wholly uninfluenced by the action of gravity. 

This 
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Ttiis fluid ceased to circulate in the two inr 
ferior thirds of the pulmonary artery; but, it 
/flowed throughout this vessel, when seconded by 
its own weight, and instantly stopped, upon the 
artery being placed in a direction opposed to its 
natural course. 

EXPERIMENT XXXIII. 

9 

If the descending cava formed upon the side 
of the tail an acute angle with the horizon, the 
• blood proceeded towards the heart with the same 
velocity, as when this vessel was in a horizontal 
position. But, in proportion as the angle aug- 
mented, the circulation diminished in velocity, 
and entirely ceased, when it was about eighty 
degrees. 

.. EXPERIMENT XXXIV. 

' I placed, in a vertical position, the capillary 
branches distributed to the different muscles of 
the neck (Exp. LII. Dissert. I.) but did not 
perceive, that the momentum of the blood ex- 
perienced either increase or retardation. 

EXPERIMENT XXXV. 

Upon placing the descending cava, and se- 
veral capillary veins, in a situation opposed to 

¥ the 
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the gravity of the blood, this fluid ceased sud- 
denly to circulate in the first vessel, and was 
precipitated to the side of the tail ; whilst,' in tW 
other veins, the circulation experieflced no re- 
tardation. 

These vessels, having been so disposed, that 
the influence of gravity might facilitate the na- 
tural motion of the bl6od^ it then proceeded fVom 
the vata cma into the hearty without expericBC* 
ing any diminution of velocity' in the * siBSdl 
veins. 

' EiiPfimil^NT XXXVT. 

In a small mesenteric artery, the motion of 
the globules was uniform, but a little augmented 
during each systole; when forced, hoMevcr, to 
take a direction contrary to their weight axid na- 
tural impulsion, they stagnated dunug every 
diastole of the heart 

EXPERIMENT XXXVII. 

On five eggs forty-three hoars after incubatm. 

It was more difficult to determine the effects 
produced' by the gravity of the blood in the 
chick than the salamander: for, after having at* 
t;i.che(rto the gibbet this last animal, wc could 

turn 



ttif n it ia every directiotii w^hQut^e^ranging the 
'.oatuial poaitton p^jtj^ vessels, i^utiipon rals* 
-ling, up { )the . u]tU>ilicy|l vQ99el of jihc, -, cbipk, t^e 
membrane of the yolk, falling by it3 own weight, 
ruptured wholly, or in part, the ramifications 
M'hich it drew after it. It was^ however, pos- 
•ible to prevent this accident by cautiously de- 
taching this meml)rane, and- placing^ it upon a 
-•thm plate of glass. The. vessels whicb,wcre thus 
aili3|#laced, withpvt disw'df ring the eirpulation, 
cff ould,. by meaps of jthe glass plate, be placed iu 
i. tlie, various situations jiu which we fished to exa-^ 
imipe th$m;i;«nd,, iQ this, maimei; I .coi^4ucted 
the following experiments ; 

The blood in the ^mbiUcal arteries circulated 
by rapid and ' frequent jets, in the eggs, forty* 
three hours; after incubation ^Exp. XV. Dissert. 
I. ) : it ascended against ' its own weight, if the 

.declivity wa& gradual, but when too abrupt^ iidiat 
it advanced in i the 9[ystoIe,i it again lost, during 

. the< following diastole. I 

. Before removiiig, the vessels aiid placing them 

, jupon^ the glass plate, I observed in the bloody, a 

i mixture o^ brown^ yellpw, and red colours:(Exp- 

CXV. Dissert. I.) -fcw^^^r their displaq^ipent, 

this fluid, became more or less red in proportion 

■ ■•::;: I-:. yg to 
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to tlie capacity of these vcttels^ provided no por- 
tion of the jolk was attached to the glass ; for 
then ve perceived the thiee shades of cobur 
already mentioned. 

EXPERIMENT XXXVIH. 

On three eggs, tico daifs ^ter incubaiiM. 

Such was the position of the two umbilical ar« 
teries, that the power of gravity could not be 
contrary to the one, without being favourable to 
the other. Whilst the Wood scarcely moved in 
the first of these vessels, it had in the second a 
rapid and unifoim coQrse. 

EXPERIMENT XXXIX. 

• . On on^ egg^ after two days and three hours 

inwbation. 

The tut) rinTbrlical veins experienced, as be- 
^ftnr, effects favourable and contrary to gravity; 
but as the blood in these vessels had an oppo- 
site direction to the arterial fluid, itb velwity 
* was redoubled in the vehi proceeding down- 
' wards, and proportionaWy diminished in the as- 
cending vessel : the vertical position of this last 
verii e\Tn suspended the circulation. 

' * :. •: EXPERIMENT 
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EXPERIftfSMt XL. 



On ttco eggs, after two days arid eighteen Jaurs 

incubation. 

* k 

The small veins, which crept upon the trunks 

of the two umbilical arteries, were alreacly dis- 

tinguishable (Exp, CXVIL Dissert I.) : these 

could not experience an action contrary to gr»* 

vjty, without this power aiding the motion of 

the blood in the others; thus the arterial fluid 

diminished in velocity, whilst the venous pre- 

served its usual course. 

EXPERIMENT XU* 

On tico eggSj at the same period of incubation^ 

I exposed to the direct or opposing action of 
gravity the small arteries, which assumed, on 
beiog reflected towards this heart, the character 
of veins (Exp. CXVI. Dissert L) These, 
which possessed a capacity equal to the trans- 
roissioj!) of several globules, experienced more or 
less the effects of its power; whilst those, which 
only received a single scries of these molecfules, 
appeared to be almost wholly exempted from its 
ipfluence. 
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sechontIil 

Of the ^hcttV/bkh appeared othihe opening of 

some. Hood venels. 

EXPERIMENT XLH- 

iTpon opening a mesenteric artery, the blood 
circulated in all the vessels of this membrane. It 
instantly formed two opposite currents, the one 
betWeen the extremity of the vessel and the- 
opening, the other between the. opening and 
tlie heart: the fir^t had a retrograde motion, the 
secotid continued its course with more celerity. 
After a mutual collision they flowed but' at the 
place which opposed the least resistance, viz. 
the opening of the artery.' 

BXIPEKIMENT XLtll. 

The circulatioci bad- ceased in the peritbneal 
vein, yet upon opening this vessel, two opposite 
currents spouted through the aperture. If the 
vein M^as in a horizontal position^ the motion of 
tlie two currents appeared equally rapid ; but if 
it formed an angle with the horiaon, the ascend- 
ing had a slower course than the descending 
column. 

EXPERIMENT XLIV. 

The descending cava, examined in the same 
manner as the peritoneal vein, afibrded a similar 

result. 

EXPERIMENT 
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EXPERIMENT XLV.. 



I t I 



I made a small incisioti into the pulmonary 
vein, in which the blood circulated Mith rapi^ 
dity. The two opposite currents flo^ved through 
the aperture, and the blood in the neighbouring 
branches proceeded more rapidly toi'ards this 
vein. After a quarter of an hoiir, the retrograde 
column moved slower than the natural current? 
It afterwards exhibited an oscillatory* motion, 
which was propagated much more towards the 
extremities of the lungs tlian the side from 
wlR^nce it originated : and at last, mingling withr 
the usual current, both (the blood havuig coa- 
gulated so as to shut the opening) continued 
tbeir course towards the auricle; after this man- 
ner was the circulation m the pulmonary vein 
re-established. The opening of the veia in the 
other lobe having produced the two opposite 
currents, the retrograde co)umn impelled by the 
ordinary current, took a direction, for eight mi*' 
Butes, towards the heart. . The blood afterwards 
resumed its natural course, although a few drops 
flowed through the incision. 

' EXfEEWENT XI^VI. 

• I made an opening into a large branch of the 

d^cending cava; but ah hough the blood had 

.^ . . . . y 4 ceased 
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ceased to circulate, it instantly formed two cur- 
Xjsnts, which flowed through the aperture : that 
from the side of the cava furnished the greatest 
Quantity of red globules. 



\: 



^ Another opening in a second branch, wherein 
the bipod had likewise ceased to circulate, afford- 
ed .the same result. 



'\ 



EXPERIMENT XL VII. 



.'*'Upoh making an incision into the venous me- 
senteric trunic, the blood, which had stagnated 
ia the splenic vein, directed* its. course, with the 
most accelerated momentum, towards the open* 
iQg through which it flowed, guttatiui^ during 
three quarters of an hour. 

EXPERIMENT XLVIU. 

The circulation wai carried on languidly in the 
mesenteric veius and their branches: but .no 
sooner had the trunk of these vessels been open- 
ed, than the blood was precipitated through the 
incision, without excepting even that in the 
ramifications which were distributed to the 
intestines. In' all these vessels, afler eleven 
minutes, the blood preserved some lemains 
of motion. 

* • EXPERIMENT 
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£X?EIUM£NT XUX« 

I made an incision^ into the trunk of the put- 
nonary vein, wherein the blood circulated 
languidly, and oscillated in the attendant ar* 
tery. The oscillation suddenly ceased^ and the 
momentum which the blood acquired^ was com- 
municated with greater force to the artery and 
ka ^branches, in pro|>ortion, as they were near the 
opening. 

In the other pulmonary vein, the blood flo^^d 
more rapidly^ and circulated by small jets in the 
corresponding artery. The opening of the first 
vessel did not appear to increase the momentum 
of the second. A considerable quantity df 
bloody furnished by the two opposite currents^ 
flowed through the incisions in the pulmonary 
veins. 

EXPERIMENT L. 

The veno.us mesenteric trunk was scarcely 

opened, until the blood redoubled its velocity, 

not only in the branches proceeding directly 

from this trunk, but even in the splenic vein 

and the branches, the junction of which formed, 

at their exit from the stomach, a single canal 

that passed into the last mentioned vein (Exp. 

CVI. Dissert. L) 

Upon 



Upon making an incision into tb& pulmonary 
artery, the blodd, which circulated in the nearest 
bbii^ches^ assumed a retrograde niolaon9 ahdrflow- 
^d through the opening. This fluid preserved 
between the heart and the incisicHi its usual 
momentum). 

* Having interrupted the circulation by means 
of a ligature upon the aorta, I Opened the peri- 
tpneal vein. Besides the two opposite currents, 
the blood flowed, during thirteen minutes, from 
the small braYiches towards this vein. Upon 
another opening being made in tlie pulmonaiy 
vein, the cirt\ilation in it was not only re-ani- 
mated, biit an oscillatory motion excited in the 
attendant arfery. 

EXPERIMENT LII. 

Having interr^ipted the course of the blood, by 
placing a ligature upon the aorta, I opened the 
venous mesenteric trunlf; upon ifhich the cirr 
culation in the veins propec^ling from it was 
somewliat re-animated. The opening fui'i^ished 
very little blood, owing to the increased mo;- 
mcnturn of the retrograde current; but scarcely 
^us tlic rquilibrium restored, Mhpn the circula- 

tipu 
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tjonf ai^gineoted in v€lopt}% nqt only-in the nac-. 
$aiteric yeiRSjf l>ut> lik^M Ue ' ia the sa^|les( n-r 
nuficati$n§ : ^laiost . aUt - tlicie , ves^glsc rewai&ed.' 

The blood' hac} an oscUIatory. motion in the 
dtecendihg cava, and m one. of its branches j^ 
wherein I' made an epenii^g, through which thf 
blood, from the cava itselt^ issued in a consi- 
derable quantity4 and upoi^ its., abatement, that 
contained in the branch was likewise discharged. 

EXPERIMENT LIV. 

I 

Having arrested the circulation, as usual, by 
means of a ligature, and opened thd pulmonary 
vein, two opposite currents were instantly per- 
ceived spouting through theaperture; and the 
blood in the large and small veins was dis; 
charged into the venous trunk, whilst the satel- 
lite artery and itanunificatioos experienced some 

agitation. 

EXPERIMENT LV. 

. After having suspended the circulation, I 
opened tbe trunk of the splenic vein ; the blood 
remained without motion in that portion includ- 
ed between the, incision and the spleen. This 
vessel anastomosed with the venous mesenteric 

trunk 
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trurfk (E*p.CXVT. Dissert. 10 the blood in' 
which, flowed through the opening with such 
f^rce 2M to suspend the motion of the column 
furnished by the splenic vein, and even forced 
it to take a retrograde direction towards thb 
vessel. Upon the abatement, however, of the 
circulation, the Mood in these last veins, having 
partly recovered its velocity, began to stream 
ttirough the opening. 

"^ EXPERIMENT LVI. 

After the suspension of the circulation, I made 
in a middle-sized vein of the liver a small inci* 
sion, from which die blood contained in the ra* 
mificatious of this vessel, continued to issue until 
it was interrupted by a coagulated ipass formed 
near the orifice: upon, however, the removal of 
this obstacle, the blood began agahi tq spout 
through the same opening. 

EXPERIMENT LVn. 

I opened a small iiranch of jthe descending 

cava, in which the blood had an oscillatory 

motion. The exit of ,this fluid through the 

opening was intercepted, at the end of thirteen 

minutes by a collection of globules, which being 

removed, it again flowed in jets through the 

>ame aperture. 

EXPERIMENT 
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EXPEWMEKT :LVI9. 

Having prepared the salamander wrthout in* 
terrupting the circulation, the notion of the 
blood in the arterial and venous trunk of the 
mesentery, was extremely languid. I then 
ope.ned the last vessel, in order to ob$er\'e 
whether the acceleration would be communicated 
to the fluid contained in the artery; but the 
blood only redoubled its velocity in the arteria 
ramifications,, which formed a junction with the 
. mesenteric veins. 

EXPERIMENT LIX. 

I opened three small mesenteric veins, and the 
blood M'hich had flowed with rapidity, ceased to 
circulate on each side of the opening. 

The incision of two other mesenteric veius 
a little larger, produced the opposite currents 

' already noticed. 

■J 

■• EXPERIMENT LX. 

* • 

I had scarcely opened different small arteries 
of the ovary, until the motion of the blood sud* 
deoly ceased Tins loss jof motion, botliv Aow 
and in the last experiment, evidently arose from 
the readiness with which the . qiifipe dosed; in 

of the thinness of \hp coato of t|^^ 

vessels; 



^S$4 6^ t»zt ti^cvthttoif 

vessels; as» ^(m^kq)t^i|i^^wRh small forceps, 
t&e ' npfimite cnrreixts v^t irnnmlmtely (>er- 
<jd ved, i aad the blood ^wed^ [guttttimi timmgh 
theopefaing. 

'^EXPteKlMENT LXL 

The hody of the sddmonder having beeft placed 
in a position peq>cndtctilar to the horizon^ and 
the circulation suspeiided, I opened the descend- 
ing cava, upon which the blofod in that portion 
* of the vessel superior to the incision, was im- 
mediately precipitated towards- the lopentng 
through which it escaped: whilst that contained 
in the inferior portion only began to ascend and 
'itream out some minute^'^afterwards. 

* EXPERIMENT LXII. 

On four salamanders. 

Tliis afforded a similar result to that of. the 
f&rmer experiment. The peritoneal vein having 
been examined in the same manner as the vena 
cava, the blood* which' stagnated below the 
opening took likewise a perpendicular direction. 

. EXPERIMENT LXm. . 
..^0tt'.thecItickt two^ Jeofs and tK'clxfckoun ltft» 

•" ^e'lYuTjle-of ofit-'of the umWlicaHrtttTts.'m 
5>1r!ifit* 1*it -tfmifetion vna carrird ^'oA - ^eryHt- 
•*'""' "" guidiy 
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guidly tod by jets, had scarcely bifen opeued, 
until the motion of the blood/ ceased between 
the incision and the extremity of the artery, 
ami redoubled its velocity between the heart and 
the incbion through which it issued. 

EXPERIMENT LXIV. 

\^t th^ same period ofincubaiio». 

I opened a branch of the umbilical artery^ 
wherein the blood circulated by small jets. Th^ 
fluid contained between the incision and the ex-^ 
tremity of the vessel, after taking a retrograde 
direction and allowing a few globules to escape, 
insensibly stopped : that, on the contrary, which 
moved in that portion of the branch correspon- 
dent to the heart, continued its usual course, and 
flowed through the opening. 

'experiment lxv. • 

, ^fter txvo days ajid twenty hours tncubaiitm. 

The trunk of an umbilical vein .having be€A 
! evened, the circulation ceased between tlijeiig- 
» cision and the heart : but the blood cpQttatqjod 
in the portion df the vessel above the ptt9i^jif , 
redoubled its velocity and flowed through the 
*p6rture. Thi^ augmentation of titotil ettftftiSiras 
Mmtifunhraied not otily to the UiAlB^idhtii^'ht 

« the 
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the vein itself, but likewise to the arterial 
hranches from which it originated. At the^eod 
of fire minutes, the blood stagnated.first in ttione 
portions nearest the orifice, but afterwards in tb^ 
arterial ramifications. — t 

I punctured the vein anew, and the momen* 
turn re-appeared, but continued a much shorter 
time than before.—- 

A tliird opening, during a few minutes, feebly 
re-animated the circulation : after which I made 
an incision into a small artery from whence 
issued some blood, whilst in a branch proceed- 
ing from it;i this fluid preserved its usual mo^ 
nientum. 

EXPERIMENT LXVI. 

^Jier txco days and twenty-one hours incubation. 

After having prepared the egg, I divided an 

umbilical vein without the least drop of blood 

•issuing from its sides: but the accumulation of 

globules was so great, that the redness and 

capacity of this vessel were considerably aug* 

mdited. 

I afterwards mqkde an inci:$ion into a capillary 
'».Vein and arterv, situated very near the umbilical 
. ;. vein; 
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rein; there was no effusion of Uoot^^^and the 
venous vessel became larger and of a darker red. 
But after having enlarged the apertures, the 
blood iMgan to stream out and the momentum 
was re^-established from the small veins to the 
arterial branches. The veins lost the aug^en-* 
tation of capacity produced by the super-abun* 
dance of globules. 

EXPERIMENT LXVIL 

At the same period of incubation. 

I successively divided four veins and two ar- 
teries (Exp. CXVIIL Dissert. L) From the 
aperture in the arteriesp a few drops of blood 
were effused ; and the two opposite currents were 
evident in the veins, upon the application of a 
slight stimulus. 

EXPERIMENT LXYHI. 

After four days incubation. 

Although the circulation of the blood had 
ceased, upon opening a vein, it instantly formed 
two currents which flowed through the aperture. 
The incision of another vein produced only a 
single current, in that portion of the vessel de-* 
tached from the heart. 

Z EXPERIMENT 
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I ' ■ • • • ■ ■ 

At the 40me period ^iiicuiatioM. ' 

The division of a venous branch so dfsordefM 
the circulation in a neighbouring vessel, that the 
blood contained in both flowed towards the in* 
cision. — ^The trunk of this vessel having been 
secured, the blood during three ot four minutes^ 
preserved its usual motion between the ligature 
and the extremity of the vessel: it afterwards 
took a retn^^de course towards the opening 
through which it escaped. The blood from all 
the ramifications proceeded to the venous trunk, 
but unable to overcome the obstacle opposed to 
its course, by the ligature, returned backwards 
and streamed through the aperture. — 

The blood being obliged to ascend before reach- 
ing the opening, this vein furnished a very in* 
considerable number of globules. 

EXPERIMENT LXX. 

Jfterjive days incubation*. 

The circulation being suspended between the 
ligature and the extremity of a large umbilical 
branch, the accumulation of globules was so 
considerable, as not only to heighten the colour, 

but 
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but likewise ta increase the capacit}f of thiir 
bsaach and its ramifications. A slight- incisioa- 
reatored the aiotipn of thit fiuid> part of which » 
flowied tkrough the opening. Anpthor veii^ pro* . 
iliiced a similar result 

EXFEBQIENT LXXI. 

* « 

^tut. six d^$. mcubation. 

Upon opening a branch of the umbilical vein, 
the blood stagnated above and below the aper- 
ture; but in consequence of making an incision 
into a much larger vesself a considerable number 
of globules were effused from both orifices. 

SSBBUBeEMT IXXK. 
After nine days incubatkm. 

The division of some small arterial apd ve- . 
nous vessels, which were entwined upon the 
head, neck, and eaitr^RiiticK of t^e chick (Exp, 
CXXX. CXXXV. JDissert I.) produced, fo? 
the most part on6 or two Currents. . ^ 

EXPERIMENT LXXIII. 

..... . 

After thirteen days incubation, 

, Such a considerable quantity of blood i^ued 

iVom an opening which I wad^, ji\to thq large 

% z % artery 
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artery of the yolk (Exp. CXXXIII. Dissert. I.) 
that the vessel became extremely pate. I could 
then perceive the circulation, which tbe ob* 
acurity of the artery hitherto concealed. The 
blood flowed in two currents, which after a 
mutual collision was precipitated through the 
aperture. They appeared like two reddish co* 
lumns, the diameter of which insensibly dinu- 
nished, until they almost ceased to be yisihk; 
or like a thread suspended in the axis of a vessdL 
whose capacity remains the same. 

EXPERIMENT LXXTV. 

After fwrteen days incubatUm. 

The repetition of the foregoing experimeot 
afforded a similar result The blood, however, 
escaped by small jets, and moved slower during 
the diastole than the systole of the heart 

SECTION IV- 

On the effects produced by the destruction (fftkt 
heart and the aorta^ upon the nwtion of the 
blood. 

EXPERIMENT LXXV. 

The circulation was suspended in the arterial, 
although not in the venous system, by the de- 
struction of the heart. 

The 
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The motion of the blood in the pulmonary 
vein and its ramifications continued during se* 
vventeen minutes, although much-alower than 
fimncrly. 

EXPERIMENT LXXVL 

The momentum of the blood redoubled in a 
small vein of one of the ovaries, a single minute 
' after the destruction of the heart : elev«a mi* 
nntet later the circulation entirely ceased. 

EXPEan^NT Lxxvn. 

On ttpo takmaiders. 

These animals had been much exhausted fa|^ 
fore I opened the curvature of the aorta. At 
first the motion of the blood was increased in 
the pulmonary veins; but, afterwards insensibly 
diminished until it entirely ceased. 

EXPERIMENT LXXVUI. 

The circuhtkm in the mcBenteric vein ceased 
^ only sixteen minutes, after the destruction of 
the heart: upon which the blood became ex- 
tremely pale. Although it had a reddish 
tint when viewed by reflected light; it ap- 
peared of a shining yellow when refracted was 
employed. 

. .S3 EXPERIMENT 



• • 
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• • • • ' . ' 

.\, :. EXPERIMENT LXXIX. 

'^*^^UPC(^had an iocisioii been made into the 
heart, when the blood in the descending aoita 
took a retrograde direction; ind, although ob« 
lig^d to^^scend^from the position of the animal, 
almost entirely escaped through, the opening. 

:. ... 'ixP^WMENT LXiX, 

An opening which I made into the aorta, did 
not change t?he intatiiiil directioki )6f the blood m 
the pulmonary vei^ ; tbe motion of which con* 
tJQue^ .^^.^^^ ^^9 wbole globules had flowed out 

expi:rimbnt Lxkxt. 

: \rOff\troQsalaimmder4' 

The blood Vrthivhich' the hhjgs "wtre *Bed, 
moved with the greatest rapidity. The opening 
of the heart diminisTied ' tht circulation, and 
twelve mrnntes afterwards it eoMed in the arterial 
Teasels : the veoous remained full of blood. 

The arterial fluid in the lungs of another sala- 
mander, insensibly took a retrograde coune, 
whilst the velocity of the venous redoubled. 

EXPERIMENT 
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EXPERIMENT LXXXH. 

I placed the animal io a position, that I could 
examine at once the descending aorta, the pul* 

■ * 

monary artery, and anet-vork of ve$^els which 
covered the ovariqs. The momentum was in all 
of them c6nsiderably increased, t).ut upon open* 
ing the heart, the blood in th« deipending aorta 
althcugh obliged to ascend, was immediately 
precipitated through the incisiom In the pul* 
rfoonaiy artery it took likewise a retrograde di- 
j^tioB; although its motioiii was much slower, 
an4 sooner ceased than in tjbe aorta. It circu* 
]ated with less rapidity in t^e ;»maU vessels of the 
ovaries, but no reflux occurred* 

EXPERIMENT t-XXXfll. 

The blood circulated by jets in two mesen- 
teric arteries; but, a reflux immediately succeed- 
t/i to the opening of the heaj*t, although this 
fluid was forced to ascend perpendicularly. 

£XP£BIM£NT L^OiMV. 

The incision of the heart considerably aug« 
fnented the velocity of the blood in the descend** 
ing cava. This fluid ascended against its own 
weight; but the vein forming with the horison 
an obtuse angle, the blood after having ceased 

z 4 to 
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to circulate, descended by degrees to the inferior 
part df the velbel, where it accuinulated ia a 
very great quantity. Upon^ however, mikbg 
an incision into this vein, at a small distance 
from the liver, the blood whioh had been pre- 
cipitated into the interior of the tail, resuniedits 
course towards the opening through which it 
wholly flowed. 

EXFERUCENT LXXXV.^ 

The preceding experiment induced mc to open 
the heart, before making an incision into the 
vena cava. Tlie momentum of the blood was 
redoubled, after which the circulation wholly 
ceased ; but was again restored by a second in- 
cision. I then compressed this vessel, upon 
which part of the blood escaped by the opening: 
the residue recovered its motion, and had 
throughout the cava the appearance of a reddish 
cloud, which was dissipated across the incision. 
The blood contained in the branches then en- 
tered this vessel, wherein it flowed in a feeble 
stream, until it likewise found a passage through 
the aperture. 

EXPERIMENT LXXXVl. 

After having rej>eated, with equal success, the 
foregging experiments, I opened (witliout in- 
juring 
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juiing tlie heart.) the descending cava near the 
origin of the taiL The blood ' continiied its 
usual course above and below the incision : the 
superior column took a direction from the side 
•f the heart, and the inferior towards the open- 
ing through which it flowed. I pressed out 
that part of the fluid contained in the cava be- 
tween the liver and the incision, wishing to ob« 
serve whether the blood took a retrograde course 
from the heart towards this vein, which was, in 
tacty filled by the inter-comiUunicating branches 
jiituated between the liver and the origin of 
the tail 

EXPERIMENT LXXXVU- 

Being unable to ascertain the object of my 
faquiry, I opened the vena cava near the liver, 
at which place it did not receive any branches. 
The blood which circulated between the heart 
and the incision, suddenly changed its direction, 
and continued for three quarters of an hour to 
spout through the opening. The stream having 
become slower and less abundant I forced out- 
the residue of the globules, upon which the 
vein lost its red colour, but it was soon restored 
by the reflux of blood from the side of the 
heart M' hatever might be the position of the 
vena cava, tlie result was uniformly the same. 

fiXPEBIMENX 
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EXPERIMENT LJ^XXVIH. 



Tbe cirndation bad ceased in all the meses* 
teric Ves8eifi» with the ex^ception of some ytxj 
small arteries. The heart, however, wbb scarcely 
opened, until the arterial and vsenous fluid took 
adinectioB towards the incision, and for seven 
or eight minutes continued to flow through 
tbe opening. The residue of the globules were 
cf a pale white when viewed by refracted lig^t, 
but of a dark and florid red when reflected was 
employed. 

EXPERIMENT LXXXIX. 

Upon dividing the aorta, the blood spouted 
from the divided portions : that, however, which 
was attached to tlie ventricle furnished the 
greatest quantity. 

EXPERIMENT XC. 

The destruction of the heart, after a ffew mi- 
jftutes, diminished and suspended the circulation 
of the blood in a small vein of the gall-bladder. 

EXPERIMENT XCI. 

Scarcely had the heart been opened, when tlic 
blood flowed from tlic branches into the descend- 
ing aorta; and three minutes later its motion 

altogether 
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altogether cetsed I then made an incision into 
a poitioii of the vessel nearest the .heart, upoa 
whieh the blood contained in the brancfaes ma- 
niferted somewhat of a retrograde motion. 

EXPERIMENT XCII. 

Wishing to ascertain idiat effects would be 
{>roduced upon the circulation, by the decolla- 
tion of the' animal, I found that although it con* 
siderably diminished the velocity of the blood, 
the circulation coatinued during five. hours. 



CXPEHIMBNT XCIH. 

I divided the body of a i»alaniander, between 
:*thc heart and the mesentery. The blood pur- 
-<sued its usual icounie: in the r mesenteric veins; 
• ftut took a retrograde directWMitin the cor re- 
rfpondent artetics* 

EXPERIMENT XCIV. 

On twofrog€f^anitxim salamanders. 

After decollation the circulation was maintained 
seven hours, in, the mesenteric vessels of one of 
the frogs and salamanders; the blood only losing 
its momentum in pfpjportjpn to the diminotion 
of its quantity. 

3 Tht 
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^ The division of the body of the other two 
AiiimaK between the heart and the mesentery, 
accelerated the circulation in the mesenteric 
veins, and produced in the arterial veaseka le- 
trograde motion. 

EXPERIMENT XCV. 

ON THE CHICK* 

4f*^ t^o days and twehe haun wcubatiaiL 

The destruction of the heart communicated a 

retrograde motion to the blood in the uminiiod 

arteries. 

EXPERIMENT XCVL 

At the $ame period. 

Upon destroying the heart immediately after 
its contraction^ the arterial fluid took a retro- 
grade directioDi and the momentum of the 
venous blood was redoubled. The circuIatiM 
continued^ in this nunner, during eighteen 
minutes. 

EXPERIMENT XCVH. 
After three days mcubatitm. 

Although the circulation had ceased, the mo- 
liient I opened the heart, a few drops of blood 
issued from the sides of the arterial and venous 
vessels. 

EXPERIMENT 
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EXPERIMENT XCVHI. 

At the same period. 

The circulation was cxtremdy rapid ; scarcely, 
however, had the heart been opened when the 
arterial fluid ceased to circulate, whilst that in 
the veins increased in velocity, and wholly issued 
through the openings notwithstanding which, 
the veins preserved their usual diameter. These 
last vessels were disposed in such a manner, that 
the blood was forced to ascend, but, in this di« 
rection its momentum somewhat abated. The 
arteries remained full of blood, but upon open* 
ing one of their trunks, not a single drop of this 
fluid was effused. 

KXPERIMENT XCIX. 

At tie dame period. 

The excision of the heart accelerated the cir- 
culation m a vein, and produced a retrograde 
course in an arteiy. 

EXPERIMENT C. 

After fioe dcye kncubation. 

The circulation was extremely languid, pre- 
vious to the excision of the heart: in conse- 
qucacc of which the blood instantly stagnated, 

except 
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excq>t in several small veuiSi, wherein this fluid 
continued to circulate in opposition to its own 
gravity. 

EIU'RRIMKNT CI* 

jifier sfjr Ays tncuhatiM. 

The destruction of th^ heart having suspended 
the gourse of the venous blood, I opraed two 
trunks wherein this fluid formed opposite cur- 
(ents^ and flowed through the opening. 

EXPBRIM£^lT car. 

ON TADPOLES. 

■ • • ■ 

t. . JTicfaurttefUh day qfier cvclusim. 

The destruction of the heart suspended the 
circulation of the blpod in the smallest vessels of 
tlie tail; whilst, however, this fluid redoubled its 
velocity in the largd vein, and took a refluent 
course towards the heart in the attendant artety. 

EXPERIMENT CIII. 

Eighteenth dtty. 

After the excision of the heart, the circula- 
tioi] was maintained some time in several rami- 
fications of the tail; whilst the motion of the 
blopd ia the lar<j;e yeiu became augmented^ that 

in 
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in the accompaaying artery took a retrograde 
course toilrards the heart. 

The result of several experiments was, that the 
(Jestruction or opening of the heart produced^ 
inrliatever mtght be the age of the tadpole, a re^ 
trogtade motion in the large artery of the taif, 
and an accelerated velocity of the circulation in 
the correspondent vein. 

SECTION V* 

l^re the oppmte currents of the Uood^ tMxtrA 
the incision of the vestels, the effect of nervon 
irritation f 

JEXFERIMENT CV. 

Having punctured \rith a iseedle the spinal 
snarrow of a frog, the animal immediately ex- 
perienced the most violent convulsions, .which 
prevented me distinguishing the circulation in 
the mesenteric vessels; but, after having gra- 
dually ceased, I perceived that the puncture had 
produced no disorder whatever in the course of 
the circulation* 

EXPERIMENT 



I I 



S59 ON t«r£ -tiftctLATioir 

EXPERIMENT CVI. 
On two salamander if. 

The same phflefjudmeiia resulted from the exa- 
anination of these two animals. The convulsioDs 
produced at first some disorder in the circulatioD; 
but they had scarcely ceased when the blood re- 
covered iti usual motion. 

V - . . . 

EXPERIMENT CVII. 

On four salamanders^ and four foogs. 

Instead of puncturing, I divided transversely 
the spmal marrow: the effe£b were the 9Vne % 
in . the foregoing. CKperiment, 

EXPERIMENT CVIU. 

X 

On four salamandersy andjrccfoogs. 

Notwithstanding the destruction of different 
portions of the spinal marrow, the results were 
not different. 

EXPERII^IENT CIX. 

Oft three salainanderSf and three foqgs. 

I successively divided the difierent nerves that 
went out from the spinal marrow: fbe parts to 
which they were distributed, experienced during 
a few minutes a violent commotion, and the 

blood 
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blood ^ sometimes wgmented in velocity^ some- 
times assumed a retrograde or oscillatory mo-* 
tion ; but; it recovered its usual course wheo the 
convulsions had ceased. 

EXPERIMENT CX. 

In the tnidst bftbe whitish mnfcles of the 
thi^hi cfcfpt af'-#on^ctable number of arterial 
a^ Vcttbtis* vessels, m which the^blbod circulated 
with its usual ceierfty: upon dmding the crural 
nerve, the most violent convulsions ensued, and 
were propagated to the extremity of the limb, 
when I could no loifgef' discern the course of 
th^ blood ; it soop, however, ?igain became evi- 
dent, and recovered its usual velocity. 

EXPERIMENT CXi'. ' 

In frogs the braiii is composed of two lobes 
and two appendices, the one anterior, and the 
other posterior: the first extends to the muzzle, 
the second forms the beginning of the spinal 
marrow. 'We could denude and even entirely 
divide this viscus, without occasioning the im- 
mediate death of the animal Difierent punc- 
tures into the brain of a frog produced general 
convulsions, and the circulation in tlie mesen- 

• 

A a tcric 
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teric vessels experienced some irregularitiesy 
which, however, disappeared iiith the cause from 
which they originated. 

EXPERIMENT CXII. 

Onfotirfhgs. 

Two of these frogs, exiunined in the same 
manner as )hose in the fWcgping experimentSi 
presented ^similar phaenomena : and even the en* 
tire division of the brain in the two other animalsi 
made no alteration in the results. 

EXPERIMENT CXUl. 

OnJrocMlafmmders. 

*rhe puncturing and removal of the bram oc- 
casioned some disorder in the circulation, which, 
however, ceased with the nervous spasms. 

EXPERIMENT CXIV. 

Tliese experiments, however, appeared to mf 
insufficient lo determine, whether nervous irrita- 
tion produced tlie irregularities observable in 
the '^rculation. They might depend, perhaps, 
upon the mechanical agitation of the parts, pro- 
duced by the disordered action of the nerv*ous 
system; as a simple concussion frequently de- 
ranges the motion of the blood. To solve this 

doubt. 
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doubt, I fixed Jthe head and tail of the frog with 
pins, in' the same manner as I had formerly pre<^ 
pared the integuments (Exp. I. Dissert L ) : the 
muscles, nevertheless, experienced a tremulous 
motion, which affected the vascular system : but, 
in the vessels, which from their position, did not 
experience this muscular re-action, such as the 
mesenteric and pulmonary, the blood preserved 
its usual momentum ; although at different times 
I had punctured and cut the spinal marrow. 

EXPERIMENT CXV. 

On three salamanders. 

The results were conformable to those of the 
preceding experiment. 

EXPERIMENT CXVI. 

On three salamanders. 

In the pulmonary artery and vein, the blood 
stagnated in one portion, "whilst in another it 
circulated by jets, notwithstanding an incision 
having been made into the spinal marrow. 

EXPERIMENT CXVU. 

On several salamanders. 

The most extensive lesion of the brain, even 
the entire excision of this viscus produced no 

A a S change 
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flange whatever upon the circuUtion in the ptil- 
iSfm^xy ahd mesenteric vessek. 

EXPEHIMENJ CXVIII. 



' r 



' ^X pnshccl the point of a prohe into the canat 
pr the spine* and destroyed almost the whofc 
Tnediinarj ^ubsfancc, without the circulatioii be- 
ing disordered ia the pulmonary or mesenteric 
vessels. 

EXPERIMENT CXLX- 

On ^cq^tqI frogs. 

\ repeated with m uniform effect experimeats 
CXIV. CXVI. CXVIII. 

EXPERIMENT CXX. 

These experiments induced me to enquire 
Hi hat degree of vital energy might remain after 
the privatiuu of the heart and brain, and the 
^xcitiion of which of these viscera would pro- 
duce the greatest effects upon tjbe animal eco- 
iiomv. 1 iie destruction of the brain occasional 
in three salamanders the mi^X violent convul- 
sions; they remained with their eyes closed, and 
appeared to be altogether deprived of voluntar}* 
niotion. A stimulus revived their excitability, 
but it continued only for an instant — 

• 3 I divided, 
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I tlivided, at the t^me time, thfe heart in 
other three salamanders of the same size ftnd vU 
gour as the former: the consequence of this 
treatment was, however, much less violent, these 
inimah COntitiuing to mbve and perform their 
iisual functions. — It is worthy of remark, that 
notwithstanding the privation of the hcSirt, and 
the pain which they had suffered several hours 
upon the gibbet, they took to flight the moment 
they were set at liberty, whilst those, on the con- 
trary, which had been deprived of the brain, 
exhibited, after seven minutes, the most irregu- 
lar phsenomena: they opened with difficulty their 
eyes and mouth, and seemed scarcely capable of 
loco-motioii, making only a few feeble efforts 
to escape from the vessel wherein they were con- 
fined; which were immediately succeeded by a 
state of torpor, that increased as I had conjectured 
on the second dav, tmd about the middle of the 
third these animals were quite dead: whilst the 
three salamanders, notwithstanding their greater 
strength, immediately after the excision of the 
heart, lived only forty-eight hours. 

EXPERIMENT CXXI. . 

I repeated the foregoing experiment upon 
eight salamanders, and the results were similar; 
thoie which were deprived of the brain living 

A a S longer 
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longer than the others in which the heart was 
destroyed. 

EXPERIMENT CXXIL 

Four frogs, immediately upon the destruction 
of tlie brain, experienced, during seven or eigbl 
minutes, the most violent convulsions^ The 
application of a very active stimulus was afteiy 
wards found necessary, in order to excite those 
animals to action: the haemorrhage had been 
very considerable. — 

I 

I divided the heart of four other frogs ; but 
although they continued to move, and keep 
their eyes open, they survived the operation 
but thirty-six hours. One of those, on the con- 
trary, the brain of which had been destroyed, 
died only on the third, another on the fourth, 
and the two others on the fifth day. 

EXPERIMENT CXXIII. 

Having repeated the foregoing experiments 
upon a great number of frogs and salamanders, 
I uniformly experienced, that these animals died 
sooner which had been deprived of the heart 
than the brain ; although after the excision of 
the first viscus, they evinced greater strength 
and vigour, than after the destruction of the 

second. — 
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secend. — ^Thc death of theae amphibious ani- 
mals seemed to be much accelerated, by allowing 
them to remain under water after these diffe- 
rent operations : the reason of which doubtless 
was, that in consequence of exhaustion, they 
touki no longer rise to the surface of this fluid, 
hi order to obtain a sufficiency of vital air, for 
the purposes of respiration, and the support of 
the animal functions. 

SECTION VL 

Do the currents of the blood taocards the incision 
in the vessehf proceed from the contraction of 
their coats? 

EXPERIMENT CXXIV, 

As the superabundance of blood occasioned a 
considerable distention of the vessels, (Exp. 
LXVI. LXX.) it seemed, that they should con- 
tract, in proportion to the diminution of this 
fluid. Before, however, submitting this last 
question to the test of experiment, I thought it 
still necessary to confirm the former by additional 
facts. For this purpose^ I placed a ligature upon 
the middle of the descending aorta of a frog: 
the portion betwixt it and the heart increased in 
capacity and became of a deeper red; whilst 
4hat portion beneath the ligature was; pale and 

A a 4 collapsed, 
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coll nosed, and. although it only retained a small 
quantity of blood, its diameter did not appear to 
be in the least dimiuished. 



EXPERIMENT CXXV. 



• I 



Upon securing the wna ceoa near i^a insiertkm 
into the liver, the circulation ceased. b^dw tbe 
ligature^ first in the abdomen, . then at tbe b^ 
ginning of the tail, and afterwards at the ex- 
tremity of the vessel, uhich was inflated and of 
a dark red colour approaching to black. 

EXPERIMENT CXXVI. 

It is easy to apply a ligature upon a large vessel, 
but somewhat difficult to secure, in a similar 

• 

manner, the middle-sized, and above all the 
small ones; what, however, intercepts as effec- 
tually the course of the blood, is to compress, for 
some time with forceps, the vessel we wish to 
examine. 1 compressed in this way the pulmo- 
nary vein towards the middle of that vist:us, upon 
which the accumulation of globules was so great, 
that the vessel became extremely , red ; its capa- 
city, however, 4id not^ appeat t(} be augmented. 

EXPER1^^ENT CXXVII. 

The blood ceased to circulate above and below 
the compression vhich I made upon the perito- 
neal 



neal vein, without producing any enlargement of 
its capacity. 

EXPERIMENT CXXVUI. 

. I compresaed a small tDesenteric vein, forined 
hy two branches which proceeded from the in- 
testines. The circulation, ceased on each side of 
the compression, except in the ramifications, 
where it formed two opposite -currents, which 
continued to tlow until the circulation ceased; 
the capacity of the vein, however, was not in- 
creased. 

EXPERIMENT CXXIX. . 

* The compression of the venous ttiesenteric 
trunk suspended the circulation throughout its 
branches ; except in one, wherein the blood flow- 
ed in a direction from the heart. The diameter 
of the trunk appeared to be enlarged, which was 
not the case with its raniifications. 

EXPfiRlMENT CXXX. 

1 interrupted several times, in different p}aj(;es, 
the course of the circulation in the pulinopary 
ai'tery : the bipod 5tagnated in the portiop s.i^- 
perior to the ligature ; but in the ipferior it pre- 
served its usual momentum, penetrating, into the 
f*amifications situated beneath the compression. 

^PERIMENT 
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EXPERIMEMT CXXXI. 

I compressed alternately four veins and two 
arteries, which extended from the stomach to 
the liven The circulation uniformly ceased 
above and below the ligature, without in the 
least affecting the capacity of these vessels. 

EXPERIMENT CiXXlI. 

I suspended the circulation in a vein of the 
gall-bladden The blood, which this vessel con- 
taiqed in a very great quantity, ceased to flow 
not only in the trunk but in its ramifications; 
yet I could not perceive that they were either 
increased, or diminished in capacity. 

• 
EXPERIMENT CXXXIII. 

On several salamanders. 

The mesenteric vessels exhibited the following 
pliainomena : when I examined the veins, the 
blood stagnated above and below the compres- 
sion ; but the accumulation was greatest on the 
side of the intestines. This was reversed in the 
arteries, which experienced a sipall degree of 
distention, m those portions containing the 
greatest quantitj' of blood. 

EXPERJM^N^ 
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EXPERIMENT CXXXIV. 



Oh several eggs, at a mare or less advanced period 

4if incubatUm. 

Similar effects were not produced by compres- 
sion npon the small vessels of the chick. Some- 
times the arteries were dTistended between the 
heart and the ligature, and the veins between the 
ligature and the extremities. The compression 
being remoN^ed, the blood resumed its course^ 
and the vessels their original capacity* 

EXPERIMENT CXXXVi 

With respect to the question, whether the dia- 
meter of the vessels diminished when the blood 
escaped through the opening made in their sides, 
and whether they became entirely, or almost, 
empty, I judged it proper to measure them, be- 
fore and after the experiment The capacity of 
the Dena caoa, which nearly equalled one line, 
was reduced after the incision of the heart and 
efflux of the blood, first to one-eighteenth and 
afterwards to one-seventeenth of a line. 

EXPERIMENT CXXXVI. 

r 

The diameter of the descending aorta which 
was, before the experiment, one six-tenths of a 

line^ 
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line, diminished after its depletion, nearly one* 
tenth of a line. 

EXPERIMENT CXXXVII. 

The diameter of the vena caoa, near the liver, 
was about nine- tenths; and that of the descend- 
ing agrta towards the middle of the body one 
half less. The blood in these two vessels having 
flowed through an incision in the heart, the ca* 
pacity of the first was reduced nearly one-tenth 
of a line, whilst the second remained the same. 

EXPERIMENT CXXXVIII. 

The effusion of the blood produced no change 
IP the diameter of the two pulmonary veini, 
which near the lungs was about three-tenths of 
a line; but that of the descending aorta, which 
before the experiment was nearly five-tenths, lost 
one- tenth of a line. 

EXPERIMENT CXXXIX. 

Tlie diameter of the two pulmonary arteries, 
which was nearly two-tenths of a line, experienc- 
ed no diminution after the experiment; and that 

©fthc dcsccndingcJiva'scarcely lost one-tenth of 
, a line. 

EXPERIMENT 
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EXPERIMENT CXL. 

The efflux of the blood produced no alteratioix 
in the diameter of the pulmonary artqri^ an4 
vem^ of three salamanders. 

'-' EXPE^RIMENT CXU. 

Although a considerable quantity of blood 
€$c2^ed from the peritoneal vein, its diametei: 
remained undiminished. 



» • 



EXPERIMEKT CXLU. 

« 

On several salatpanders. 



The ^^mallness of tlie xnetenteric vessels permit-* 
ted us only to esuunine them by the eyty through 
a microscope. TJne results of several examina- 
tions of thearterial and venous mesenteric trunks^ 
as well as theriKanches proceeding from.themy 
were, that their idiameters always remained the 
same» whatever had been the quaiitity -of blood 
effused. 

EXPERIMENT CXLllI. 

On several eggs^ after a longer or sliqrter period 

oj incubation. 

The mesenteric vessels of the chick afforded 
similar results to those of the salamander. 

EXPERIMENT 
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EXPERIMENT CXLIV. 

Although it appeared to be demonstrated, that 
the effusion of the blood occasioned no contrac- 
tion whatever in the vessels, it was nevertheless 
possible, that their internal capacity might ex- 
perience some diminution. For, in fact, if the 
cavity of the arteries and veins be invested by a 
cellular substance, yielding and susceptible of 
impression ; it is evident, that the vessels whidi 
had undergone a complete depletion, ought tQ 
diminish in capacity according to the former 
pressure, or rather the lateral friction of the glo- 
bules. It was easy to ascertain this fact, either 
by measuring the thickness of the vascular coats, 
or the internal capacity of the vessels^ before and 
after the extravasation of the blood. Having 
preferred the last method as more convenient^ I 
measured the section of a pulmonary artery, be- 
fore making an incision into the heart : in con- 
sequence of which, the blood took a retrograde 
direction towards the opening, through which it 
almost entirely escaped. Upon comparing the 
section of this vessel, I found it absolutely the 
same as before. 

EXPERIMENT CXLV. 

Tlie vessels of several other salamanders, upon 
which I repeated the foregoing experiment, af- 
forded a similar result. 

SECTION 
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SECTION TIL 



Does the pulsation of the arteries depend upon the 
dilatation^ produced in their sides ^ by the mo- 
mentum of the bloody during the systole of the 
heart f Or is it the effect of a heal action oc- 
casioned in these vessels, by the displacement of 

that organ f 

., • 

% 

EXPERIMENT CXLVI. 

We have noticed elsewhere the pulsation of the 
Arteries in salamanders, land and water frogs, 
grey and green lizards, and the chick in ovo 
(Result IV. Dissert. II.) We then observed, 
without entering into any detail, that the pulsa- 
tions are accompanied by a motion of dilatation, 
which we shall now examine, beginning \\nth the 
aorta of the salamander! This large trunk, after 
forming near the heart, as we have already seen, 
a kind of curvature, proceeds toward the head, 
where it is lost in a muscular tissue. The aortm 
pulsates throughout its length, and is dilated at 
the same time, but in an unequal manner, viz. 
about one-third in the curvature near its exit 
from the heart, and nearly one- twentieth in the 
rest of its extent. 

Although 
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Although the dilatation of the aorta, or rather 
the augmentatioir of its ' d'lameter, during each 
pulsation, was evident to the eye, I was disposed, 
nevertheless, to -support this fact by new proofs. 
The vessel in question being nearly isolated from 
the heart even to th^ head, I passed around it an 
opeji ring which was afterwards closed, leaving 
its internal diameter somewhat larger than that 
of the aorta in a state of diastole. I attached a 
silk thread to this rii^v byi^fn^I held itsus- 
pended, in such amanper, as, not to come into 
contact with the arterial trunk. The' space in- 
cluded between the riiis: and tlfie aoita lessened 
during the pulsation, but becam^ more consi* 
derable upon tlie contraction of this vessel. I 
then diminished the size of the ring, so that the 
distention of the aorta throughout its circumfe- 
rence filled, at each diastole, the empty space 
which remained. 

Several other salamanders afforded a simibr 
result 

EXPERIMENT CXLVII. 

After the salamander had been prepared a long 
time," the heart propelled only a small quantity 
of blood into the canal of the aorta; which, 
although situated horizontally, exhibited some 

degree 
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degree of dilatation. I then placed tkc animal 
in a perpendicular position, with the head up- 
wards, but the action of th^ heart was become so 
languid, that the blood could not ascend into 
the aorta, and the distension was limited to the 
curvature. The coats of this artery were whitish, 
and its capacity had diminished. Upon after- 
wards turning the head of the animal do^vn wards, 
the blood resumed its course, and the aorta be- 
came immediately dilated throughout its extent. 

EXPERIMENT CXLVIII. 

On several salamanders. 

1 expelled the blood without injuring the au- 
ricle, the ventricle, or the aorta; but, although 
entirely empty, and considerably contracted, 
they still exhibited some feeble remains of their 
usual action. I then divided the trunk of the aorta, 
yet the curvature, although thus detaclied, con- 

■ 

tinned to contract and dilate during half an hour. 

A similar result was afforded by three other sa- 
lamanders, with this difference, that the contrac- 
tion and dilatation did not coutinue equally long 
in all of them. 

EXPERIMENT CXLIX. 

On several salamanders. 

I cut out the heart and aorta in isevera] sala^ 
mandcrs, without disturbing the position, or 

H b relation, 
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relation, which subsisted between them in the 
breast. In two of these animals, howewr, the 
order of the systole and diastole was changed, that 
is, the heart and aorta contracted and dilated at the 
same time, during seven minutes. The motion 
of the aorta afterwards became less frequent than 
that of the ventricle ; and it ceased at lastsoooer 
in the former than in the latter. 

The result was difterent in \hTce other sala- 
manders: the aorta contracted when the heart 
was at rest, and vice versa. Soriietinies the action 
of the heart continued longer than that of the 
aorta; sometimes the motion ceased later m the 
aoita than in the heart. 

EXPERIMENT CL. 

The foregoing experiment having been repeat- 

■ 

ed on other five salamanders, the heart in fou? 
of them contracted longer than the aorta; but in 
the fifth, the motion of this vessel continued 
longer. In these ^ftimak, tlie ajctiQu ^f the beart 
and aorta was selclom synch ronotiis> 

EXPERIMENT CLI. 
Oil several salamanders. 

Upon raising up the aorta, and dividing that 
portion M'hich is inserted into the muscular tissue, 
its action immediately ceased; excepting in the 

cun-atuie, 
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curvature, which continued for some minutes to 
contract Mud dilate. 

EXPERIMENT CLH. 

Ofi three salamanders. 
After the transverse division of the aorta at its 
curvature, the motion continued in the two se- 
parated portions. The orifice of that which re- 
mained attached to tlie heart, and througli whicli 
a great quantity of blood escaped, was enlarged 
at every pulsation; and afterwards became dimi- 
nished in capacity, and very soon entiiely ceased. 

EXPERIMENT CLIII. 

On several salamanders. 

It is a property of the arteries to become elon- 
gated during their pulsation : yet this elongation 
does not occur in the aorta of salamanders; which 
was observed to shorten upon each systole as 
it approached the heart. This phaenomenon was 
more evident in proportion to the languid motion 
of that viscus, either inconsequence of less blood 
being propelled into the canal of the aorta, or 
from one or other of these organs having been 
separated from the body of the animal. 

EXPERIMENT CUV. 

On two salamanders. 

The heart by its contractions could only^ ho^v- 
gfftf^ 4ntw towards it that portion of the aorta 

B b a with 
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witli which it remained cwnected. Tlie descend- 
ing aorta and the curvatures, which it formed, 
l)ccame evidently elongated and distended during 
each systole of that organ. 

EXPERIMENT CLV. 

Tlie descending aorta of a large and vigorous 

animal^ experienced a considerable dilatation and 

elongation. I compressed this vessel towards 

the middle of the abdomen; upon which that 

portion below the ligature became extremely 

white, and lost the power of performing its usnal 

actions ; whilst the superior portion presened 

Its original colour and motion. Uponmakinga 

.second compression, the space included between 

the two ligatures remained full of blood, but 

ceased to contract; the dilatation and elongation 

were still, however, maintained in that portion of 

the vessel betwixt the second ligature and tbc 

•licart. 

EXPERIMENT CLVI. 

I have already spoken in the first dissertation 
(Exp. CXXXIII.) of an artery, the pulsations 

of which exhibited a species of vennicular mo- 
tion. I sliall now add, that this vessel augrnient- 
cd in diameter and size tliroughout it3 extent. . 
*] he pulsations ceased in that portion of it which 

Uiis included bct\veea two ligatures. 

EXPERIMENT 



^ 
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EXPERIMENT CLVIL 
On several land and water frogs. 

The trunk of the aorta in these animals, is 
cemposed of a great bulb which divides into se- 
veral large vessels. Tlie change produced by 
the systole of the heart, upon the curvature of 
the aorta, in the salamander, occurred in this 
bulb, and the trunks to which it gave rise. 

/ EXPERIMENT CLVIII. 

On several grey lizards. 

The lungs in the grey lizard are much larger, 
although shorter than in the salamander: each 
lobe receiving two large arteries, and an equal 
number of veins. The pulsations in the trunks 
of the former were so strong, that their diameters 
became one half larger; but the branches ex- 
hibited a more feeble action, and the disten- 
tion diminished, in proportion to the smallness 
of the vessels. The elongation of the arteries 
was in the ratio of their dilatation ; and when 
viewed obliquely, they described, during inspi- 
ration, an arc, the extent of which was in- 
creased by the pulsations ; but during expiration, 
these arteries formed several folds and rc-dupli- 
cations, which contracted and' elongated, so as, 

B b 3 at 
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at first sight, to represent the appearance of a 
worm. 

EXPERIMENT CUX. 

On three grey lizards. 

The aorta of the grey lizard, unlike that of the 
salamander and frog, is div ided into two trunks 
closely united, from wliich proceed different 
branches. The compression of these trunks in- 
stantly suspended the pulsation below the liga- 
ture. 

EXPERIMENT CLX. 

On one green lizard. 

The vascular system of these small serpents 
has the same organization as that of grey lizards. 
The two arteries of each lobe of the lungs were 
dilated and contracted from the extremity to the 
origin of this viscus; the distention being, how- 
ever more considerable in this last portion, where 
the diameter of the artery was double that of the 
other. These motions were more evident some 
liours after the preparation of the animal, l>ecause 
they were p:?rformed with less rapidity. The dis- 
tention of the pulmonary arteries exceeded that 
<rf the Curvature of the aorta: and the grey li- 
zards exhibited the same phajuomcnon, 

EXPERIMENT 
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EXPERIMENT CLXl. 

On several frogs^ grey and green lizards. 

In speaking of tbe distention of the pulmona- 
ry arteries of grey and green lizards, and the cur- 
vature of the aorta in land and water frogs, I 
have had always in view the lateral dilatation, or 
that which is evident between the right and left 
side of the vessel. Anxious, however, to observe, 
whether the oblique and superior portions of these 
arteries (those underneath being concealed from 
the view) dilated, I placed thin plates of iron be- 
twixt the interstices that separated them, by 
which means I found, that they were uniformly 
distended in every direction. 

EXPERIMENT CLXII. 
On a grey and green lizards. 

The elongation and dilatation of the pulmo- 
nary arteries ceased, in those portions which 
were included between two ligatures. 

EXPERIMENT CLXIII. 

On txcot salamanders. 

This circumstance did not occur in the cuAa- 
ture of the aorta in the salamander. The systole 
and diastole continued in that portion included 

li b 4 between 
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between the ligatures, until the destruction of 
the heart itself. 

EXPERIMENT CLXIV. 

On sm^eral salamanders. 

After having compressed the two e^^tremities 
of the aortal trunk, and divided it l)e5'ond the 
ligatures, I placed it upon a table, without its dis- 
continuing to contract and dilate. These mo- 
tions, however, were li^nited to the curvature in 
the aorta which was empty; but in the other 
which contained some drops of blood, it was pro- 
pagated throughout the space contained between 
the ligatures. I then allowed the blood to 
escape from this last vessel, upon which the cur- 
vature alone preserved the power of contraction 
and dilatation. 

EXPERIMENT CLXV. 

In the salamander, and the land and water 
frog, the aortal trunk, and more particularly its 
curvature, is composed of a fleshy and muscular 
tunic. 

EXPERIMENT CLXVI. 

On three salamandersy and three land frogs. 

The descending *o€fm cava of the salamanders 
experienced, from the liver to the auricle, a con- 
siderably 
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siderable dilatation and contraction ; which like* 
wise occurred in the two trunks of the ascending 
fova of the land frogs. After an incision had 
been made into these vessels, and the blood al • 
lowed to flow out, they continued to preserve 
some degree of systole and diastole. 

EXPERIMENT CLXVII. 

On a green lizard, 

. 1 divided the descending aorta below the liver, 
upon which the inferior portion ceased to beat, 
whilst the superior continued its pulsations. The 
quantity of blood, which escaped from this vessel, 
was so considerable, that it would have been left 
entirely empty, had not the incision been closed 
by the contraction of its sides. The blood thus 
confined began to oscillate, advancing during 
the systole, and taking a retrograde course upon 
each diastole of the heart. In the first case the 
artery was dilated; in th^ second, its diameter 
was diijainised.— ^ 

After having viewed some time this curious 
phaenomenon, I divided another portion of the 
urtery : the pulsation was only maintained on the 
side of the heart Upon pressing out the re- 
plaining bk)Q4 in this vessel, the pulsatory mo- 
tion 
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tion suddenly ceased; but, it re-commenced, 
although very feebly, when this fluid again began 
to penetiate into the artery. — 

I placed the artery in such a- situation, that 
the blood was obliged to ascend against its gra- 
vity: but, it was instantly precipitated into the 
ventricle, and only atVerwards resumed its ordi- 
nary course during the systole, stagnating upon 
each diastole of the heart. The pulsations of the 
artery extended no farther than the blood j But 
upon bending the vessel, so that its ascent wag 
less rapid, this fluid circulated through a more 
considerable space, and the pulsatory motion wa« 
propagated to a greater distance; tlicy were, in 
short, evident throughout the artery, because the 
column of blood struck the whole surface of its 
sides. The portion of the aorta which received 
the impression of the globules was only suscep- 
tible of contraction and dilatation; but the mass 
of blood being insensibly dissipated, the pulsa- 
tions Avere discontinued some time, before the 
motion of the heart ceased. 

EXPERIMENT CLXVIII. 

After the division of thedescendins: aorta of a 
green lizard, the inferior portion ceased to pul- 
3ate, whilst the superior continued to contract 

during 



cttjiring eight rtintitt^: thfekstportfOn cdfita>i4M 
a small quantify of bl66^, Which tkM>k^^ Uti^ 
senrsible mot^: th^ di]4s*6lt anrf ^jrsftolfe 6f tlie 
lieart wefe, however, trtaintaiilied a long tirtte. 

r 
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F.XPERIMENT CLXIX. 

I made a double compression upon the descend- 
ing aorta of a green lizard, the pulsations only 
continued in that portion situated between the 
heart and the first ligature; and the blood in it 
took a retrograde course or advanced according 
to the diastole or systole of the heart. Scarcely 
were the two ligatures removed, when the circu- 
lation and pulsatory motion re-commenced 
throughout the extent of the aorta. — 

A thin plate of iron appHed against the sides 
of the aorta, so as to intercept the course of the 
blood, produced the same eflects as a ligature, 

EXPERIMENT CLXX. 

Experiments CLXVII. and CLXIX. were 
repeated with equal success upon the descend- 
ing aorta of a green lizard. 

EXPERIMENT CLXXI. 

Upon making an incision into the trunk of 
the. tt*i< .baaJtft of si green lizard, the blood took a 

4 retrograde 
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retrograde course iii the descending aorta, and 
its contractions were immediately discontinued. 
A considerable number of globules escaped 
through the aperture, and the residue having 
coagulated in the orifice, the circulation with 
some degree of pulsation was re-established. 



DISSERTATION 
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DISSERTATION IV. 

ON THE PHJENOMENA OF LANGUID CIRCULATION; 
ON THE MOTION OF THE BLOOD, INDEPEN* 
DENT OP THE ACTION OP THE HEART; AND 
ON THE PULSATION OF THE ARTERIES. 



-•<! 



ANALYTICAL VIEW 

Of the results from the experiments in the third 

dissertation 

HRST RESULT. 

JtxALLER, so far as I know, is the only phy- 
siologist who has given an exact and elaborate 
detail of the phaenomena of languid circulation. 
To a languor^ at first, more or less evident, suc- 
ceeds sometimes a rapid, and at others a slow 
motion. This irregularity is followed by the blood 
taking a retrograde course, which terminates in 
an oscillc^tory motion, the column of blood ap- 
pearing to vibrate like a pendulum, from the 
centre to the periphery, and from the periphery 
to the centre. This motion continues during 
several hours, and the natural course of the blood 
is often re-established; but the strength of the 

animal 
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animal becoming exhausted by degrees, the os* 
cillation is then followed by a complete stagna* 
tion of this fluid ; vhieh €)ocurg successively in 
the sniall^ middle-sized, and large vessels. The 
jnass of blood diminishes in propoition to the 
Ipss of its velocity, apd the vessels remain almost 
empty, . . 

These irregularities in the arterial, arc likewise 
evident in the venous fluid. Tliey succeed cacli 
other alternately, and sometimes even the flux 
and reflux occur at the same time ; so that whiUt 
the blood takes a retrograde course in one vein, 
it preserves its natural motion in another, and 
the circulation is often restored by the coUi^ioQ 
of these opposing currents. 

Such are the principal phsenoraena o?)ser%'ed, 
by Haller, in languid circulation: his experi- 
ments, however, were made upon the mesentery, 
and after it had been displaced, and prepared 
with hooks, and we have already observed, in 
the introduction, to how much error and fallacy, 
this method is Hable, amongst which I have been 
compelled to reckon the greatest part of the irre- 
gularities I have mentioned (7.) 



With 
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With the exception of a small degree of oscil- 
, lation in the arteries, (Exp. XII. Dissert. HI. 
and XXIV. CI. Disseit. I.) the other phseuo*- 
rneua observed a constant and regular order: 
the arterial blood, which at first had an'nniform 
course, lost more or less quickly its equilibrium, 
and abated in velocity at each diastole of the 
heait: to this abatement soon succeeded a com- 
fdcte stagnation, except during the systole, when 
the blood preserved some remaiius of motion, 
which, however, disappeared by degrees. Thus 
the circulation ceased in the arteries, bv a sue- 
cessive and gradual diminution of nvomentuni, 
without any flux or reflckx, intermittent or vibra- 
tory motion. 

The motion of the blood in ihc veins, ceased 
in the same gradual manner; and these difie* 
rent phaenomena were alike evident in the arte- 
ml and venous fluid of cold and warm-blooded 
animals (Exp. XI.) rujt only immediately after 
CKclusion, but at a more advanced period of their 
Jives (Exp. VII. VUI. IX. X.) either when 
the mesentery was slightly displayed (Exp. I^ 
11. III. IV. V.) or allowed to remain in itsna^ 
turalposition (Exp. VL ) either when the anifnal 
was placed under the exli^ustcd recelvev ofian 
air pump C£xp. XVL XVII. XVIII.) M pe^ 

rished 
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rtshed by degrees (Exp. I. 11. III. IV. V. VL 
VII. VIII. IX. X. XI.) or by a violent death 
(Exp. XIV. XV.) The circulation ceased al- 
ways first in those vessels most distant from the 
heart (Exp. VIII. IX. X. CXXVI. Dissert. I.) 
Sometimes, after the death of the animal, the 
vessels preserved only a small quantity of blood 
(Exp. III. V. VI. XL) but usually they remain- 
ed more or less full of this fluid (Exp. I. IIL 
IV. VI. VII. VIII. X. XIII. XIV. and CXV. 
CXVIII. CIX. CXXVI. Dissert I.) 

SECQND RESULT. 

Tlie blood of all animals is endowed with the 
principle of gravity ; it is heavier thanjymph or 
water, and whatever be the position of the or- 
gans in a dead body, it accumulates by its own 
weight in the most dependent parts. The same 
pha^nomcna was observed, by Haller, in mori- 
bund frogs. From the vertical position of the 
mesentery, the blood fell to the bottom of the 
veins, which, by their transparency, resembled 
whitish filaments; when placed in an opposite si- 
tuation, the globules returned into these vessels, 
and appeared of their usual redness. This phy- 
8iologtst observing a column of blood perpendi^ 
cular to the table, upon which he had extended 
the frog, had scarcely reversed the position of 

thi» 
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this table, when the current changed itsdirection^ 
and descended instead of ascending. 

These experiments, wliich were atternpted by 
Haller alone, upon living animals, open a vast 
field worthy the ciiriosity of the naturalist, and 
in which I have endeavoured to examine^— 1. 
The effects of gravity upon the blood stagnating 
in the vessels, as well as after it has escaped ; 
2. The alteration which the contrary, or favour- 
able action of this power, produces upon feeble^ 
or very languid circulation. 3. In a word, 
whether the large, middle-sized, and small vessels 
are alike subjected to its laws. The weight of 
the blood in a living salamander considerably 
exceeded fountain water: this fluid, whether ve- 

mm 

nous or arterial, poured drop by drop upon its 
surface, was precipitated to the bottom with 
greater rapidity than when previously coagulated 
(Exp. XIX. XX.) 

The weight of the blood must, doubtless, be 
owing to the red globules (Exp. XIX.) of which, 
iron forms one of the principal elements. 

The effects of gravity in animals deprived of 
life, were in an inverse ratio of the smallness of 
the vessels, that is, more considerable in the 

c c large, 
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Jarge, less evident in the middle-sized, tiud 
almost imperceptible in the small capiU^iqs 
(Exp. XXL XXII. XXVI. XXVII. XXXIL 
XXXIV. XXXV. XXX VI. XL. XLL) 
When the action of gravity was exercised ja 
conformity with the natural course of the blood, 
it augmented the velocity of this fluid in the 
midle-sized vessels ( Exp. XXIII. XXIV. 
XXVI. XXVIIL XXIX. XXXL XXXV. 
XXXVIIL XXXIX.) but, if its force was ex- 
erted in an opposite direction, the circulation 
abated, became retrograde, or altogether ceased 
in proportion to its power (Exp. XXIII. XXIV. 
XXVL XXVUL XXIX. XXXL XXXIL 
XXXIIL XXXV. XXXVIIL XXXIX. XL.) 

V 

It was only when the blood flowed in the mid- 
die-sized vessels with very great rapidity, that 
the circulation continued independent of the 
power of gravity (Exp. XXV. XXVL XXX.) 

THIED RESULT. 

This result confirms a most important point in 
medicine. No sooner was a vein opened^ than 
the blood which it contained, that of the neigh- 
bouring branches, and of the intcr-communicat- 
ing arteries, redoubled In velocity, and escaped 
through the opening. This fact, discovered by 

LeUini, 
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Bellini, after having experienced the greatest 
tipposition, has obtained from the experiments 
of Heide and Haller, general belief- My re- 
searches upon this important question, have pro- 
duced the following results: 1. After the par- 
tial or entire division of a vein filled with blood, 
sometimes two opposite currents were evident, 
which streamed through tho incision (Exp. 
XLV. XLIX. LIX. LXXI. LXXII.) some- 
times only one column (Exp. LXV. LXXII.) 
and at others a complete stagnation above and 
below the division (Exp. LIX. LXVL LXVII. 
LXXL LXXIL) 

2. Tlie two opposite currents took place, al- 
though, before the incision, the venous fluid had 
ceased to circulate:(Exp. XLIII. XLIV. XLVL 
LL LXL LXIL LXVIIL LXX. CI.)— 

r 

3. In both casesi whether the blood circulated, 
or had previously ceased, that in the vein which 
was opened, as well as in the ramifications be- 
longing to it, flowed towards the aperture, 
through which it escaped (Exp. XLV. XLVIL 
XLVIII. U LL LIL LIV. LV. LVL LXV.)— 

4. Tlie blood in the artery, inter-communi- 
cating with the vein that was opened, recovered 

cc S or 



388 ON THE CIRCUlATIOIf 

or accelerated its course^ according to the stag^- 
nation or velocity which it possessed before the 
operation (Exp. XLIX LI. LIV. LVlll. LXV. 
LXVL) 

5. The puncturing of the arteries produced 
similar phaenomena; the blood forming two op- 
posite currents^ which flowed through the inci- 
sion (Exp. XLII. L. LXIV. LXXII. LXXIII. 
LXXIV ) or stagnating in the portions abpve 
-and below the opening (Exp. LXXIL)— v 

6. The venous and arterial fluid ces^d \o cir- 
culate and flow through the opening, in conse- 
quence of the diminished energy of the vascular 
system, allowing the sides of the vessel to close 
sr> as to shut up the orifice: for^ in fact, upon 
re-opening it, the blood again streamed out, and 
the circulation was restored throughout the ves- 
sel (Exp. LXVL LXVIL)— 

• 4 

\ 

7* It is worthy of remark, that upon making 
an incision into a vessel of an unequal diameter, 
the blood flowed from the largest portion (Exp. 
XLVI. ) and sometimes eve-n with such force and 
activity, as to suspend the current in the strait 
portion of the artery or vein, which could not 
circulate, until the quantity and velocity of the 

former 
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former eolunm had dimiBished (Exp. LI I. LIII. 
LV.)— 

8. It IS not less a^tdnlshtng, tKat after Several 
incisions, the residue^ of the blood, which had 
ceased to circulate, should partly recover its 
fnomentum and flow throiigh the Second or third 
opetiing (Exp. LXV. LXXXIV. LXXXV. 

9. The accumulation of a mass of cbagulated 
bloo3, in the orifice, frequently. re-established the 
circulation (Exp. XLV. LVI.) but scarcely was 
it removed, ^vh6h* the blood cohtinued to spurt 
through the incision (Exp. LVI. LVII.) Haller 
ha(l previously made the same observation. — 

FOURTH RESULT. 

iTie excision of the he^-t and torta, prodticed 
similar effects upon the circulation. For if the 
teifous or arterial Bteod sometimes ceased to flow 
(Exp. LXXV. XCVIII. C. CI.) it more fre- 
quently happened, that the first toojc a rctrograclc 
course towards the opening, through which it 
escaped (Exp. LXXIX. LXXXI. LXXXIL 
LXXXIII. LXXXIX. XCI. XCV. XCV£ 
XCIX. CXLIV.) and the second proceeding 

c c 3 from 
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from the same side either preserved its usual mo- 
mentum (Exp. LXXV. LXXVIII. LXXXJ. 
C.) or redoubled in velocity (Exp. LXXVL 
LXXVII. LXXX. LXXXIV. LXXXV. 
LXXXVI. XCVIII. XCIX-)— 

Although the circulation was generally sus* 
pended, an incision into the heart restored it in 
the venous and arterial vessels, and the blood 
streamed through the opening (Exp. LXXX VIII. 
XC VII. ) 

FIFTH RESULT. 

Wlience the cause of the current, towards the 
aperture in the vessels, or the heart, which con- 
tinued even some time after the removal of that 
viscus (Exp. LXXV. LXXVL LXXVII. 
LXXVIII. LXXXL LXXXII. LXXXVIIL 
XCVi.)? The influence of gravity upon the cir- 
culation (Resultll.) could not concur to produce 
this phaeuomenon, since the column of blood flow- 
ed against its own weight towards the incision 
(Exp. XLIIL XLIV. LXL LXIL LXXXIIL 
LXXXIV. LXXXV. LXXXVIL)— 

Scarcely had we opened either the heart, or a 
blood vessel, when the animal was seized with 
the most violent convulsions, occasioned, un- 
questionably. 
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questionably, by the division of the nervous fila- 
ments, with which these parts were provided. 
Gould the accelerated momentum of the blood, 
towards the incision, proceed from these convul- . 
sions ? Although this supposition appeared im-^ 
probable, I conceived it incumbent on mc to ob-, 
serve attsentively all the phapnomena which oc*. 
curred in the vascular system, immediately upo% 
the division or irritation of the nerves. — 

In consequence of puncturing, or destroying, 
the medullary substance, the animal experienced 
tlie most violent convulsions, the effects of which 
were communicated to the circulation ; but, the 
nervous commotion having ceased, the blood re-^ 
sumed its usual course, even after the destruc- 
tion of the brain itself (Exp. CV. CVL CVIL 
CVIIL CIX. ex. CXI. CXII. CXIIL)— 

The more I reflected upon this circumstance, 
the more I becanje confirmed in my former con» 
^jecture: in fact, altliough I had several times 
witnessed the current of the blood flowing to- 
wards the opening, notwithstanding the regular 
and constant action of the nerves, I still hesi- 
tated whether the irregularities, which ensued in 
the motion of the blood upon the irritation of 
this system, proceeded frpm that irritation, or 

c c 4 from 
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from a dimple mechanical concussion ; and my 
observations would not permit me to doubt, that: 
these irregularities depended on an agitation of 
the parts, since by preventing its occurrence, 
whatever might be the violence of the nervous 
spasms, they produced no change in the circula* 
tion (Exp. CXIV. CXV. CX VI. CXVIL 

exviiL CXIX.)— 

I 

t 

I was then obliged to search for some other 
MusCj hxit MfcA'e entering into these detail^ I 
ahall notlee the remarkable difference between 
the degree of strength and vitality possessed by 
those animals which had been deprived of the 
heart or brain. The removal of the heart did 
not appear to produce an immediate effect on the 
economy of their system. They made use of tbrir 
members, running, leaping, and precipitating 
themselves into the water, swimming, and in 
short, performing the same actions as when in a 
state of health. But those anifials, on the con- 
trary, in which the brain was destroyed, were 
immediately deprived of sensibility and irritabi* 
lity; and if they appeared, upon recovering from 
a kind of lethargy, to fcgain the use of their 
members, they nievertheless remgrtned in a state 
of stupor and debility. They, however, lived 
four or five days, and sometimes even longer, 

S whilst 
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whilst those from which the heart had been 
removed, - notwithstanding their greater vigour, 
died on the first, or second day (Exp. CXX. 
CXXI. CXXII. CXXIII.) (8)~ 

The state of drowziness and stupor io animak 
deprived of the brain is not astonishing, that or- 
gan being the principal seat of sensibility, and if 
the excision of the heart produces death more 
suddenly, it is, doubtless, owing to the cessation 
of the circulation, which, on the contrary, was 
maintained even some time after the destruction 
of the brain*. 

SIXTH 

♦ While it h generally allowed^ that by the medium 

of the nerves we feel^ and are enabled to perform motion^ 

numerous facts tend to prove, not only, that an intima^ 

connection gubststs between the nervous and sanguifcrout 

systems; but, that they are mutually dependent on each 

other. — ^Thus, the functions of the brain, fgr etaimple^ 

cannot proceed independcndy of the action of the heart— 

{or when the circulauon is suspended, consciousness and 

sensation immediately cease^ as particularly appears in 

tome species of asphyxia. The converse of the abovt 

proposition is equally true ; since, if the influence of the 

nerves leading to the heart be completely intercepted, by 

division or ligature^ the functions of that organ are de- 

lltroyed. The determination of the blood to the genital 

organs^ and to the face in bluslxing, 8cc. in consequence 

of 
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SIXTH RESULT. 

Hallcr, astonislied at the force and rapidity 
M rth which the hlood flowed tOM'ards an opening 
made into the heart, or a blood vessel, instituted 
a great number of experiments to discover the 
true cause of this pha^nomenon. The unifomj 
occurrence of this circumstance seemed to offer 
a solution of the question : the globules tended 
constantly towards that place, where they were 
in the greatest quantity. Tlius, the blood con- 
tained in a dilated portion of a vessel, attracted 
that from the neighbouring branches, M-hich only 
again flowed.into another portion, wherein a still 
greater number of globules were accumulated. 

of the excitement of certain passions^ afibrda an additi- 
onal proof of the influence of the sensorium commune ou 
the sanguiferous system. From these, as well as from 
a variety of other facts, we may infer, that both nenous 
cncrg}', and a free circulation are essential to the perfect 
life, whether of the whole body, or any particular part; 
and, that if the destruction of the heart appears to prove 
more speedily fatal than that of the nervous s)'stein, it it 
only, because it can be accomplished in a more complete 
and effectual manner. Hence, also we may, perhaps, 
^explain, why those animals which have a small brain, and 
large spinal marrow, live long after dccollatiop, whilst 
man, and most quadrupeds, w ho have that organ re- 
markably large, survive its loss only for a few seconds. 

IhcbC 
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These accumulations, in two different places, 
produced opposite currents, which proceeded to- 
wards each of those magnetic masses. When 
this fluid escaped from a vein, and was diffused 
upon the mesentery, it was sometimes entirely 
absorbed by the same vessel, from M'hich it may 
be concluded, with some degree of probability, 
that the blood accumulates in those cavities 
which contain the greatest quantity, and that, 
consequently, in dead animals, it is attracted 
from the branches to the trunks, and from the 
trunks to the heart : so that the venous fluid pre- 
serves then its usual course, whilst the arterial 
takes a retrograde direction. — Such was the opi- 
nion of Haller, in his first memoir, on the circu- 
lation of the blood; but, in that containing the 
details of his experiments, he declares, that the 
word attraction, is only employed to describe a 
certain species of motion. In short, this great 
physioligist, in treating this important question, 
far from using the word attraction, has adopted a 
perfectly different theory, which I shall here pre- 
sent to the reader in his own words. — 

*' Etsi adeo vim arteria; contractilem nimisor- 

^* natam fuisse persuadcor, ad occultaa tamen 

** contract ionis speciem, vim non illubens refer- 

*' rem, quam dixi, derivationis, et qua5 et in vi- 

4 " ventc 
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*' vente animale, et in nuper mortuo^^ sanguiiifls 
'' niotmn sola gubernet Nempe de incisa arte^ 
** ria et periode quideni' de secta vena, sanguis 
'^ maxima velocitate effluit, eo modo^ ut de \i* 
'^ clnis trancis, ramisque, et secundius circuitns 
*^ sanguinei leges, et contra easdem, in vulnm 
*' mat, ut etiam contra ponderis vim, et dircc* 
'^ tionem naturalem in rimam se prscipitet Ita 
^' etiam in stagnante sanguine novo nascitur ve^ 
** locitas, et exulso demum corde, ailt rcvinctis 
*' magnis aortae famis, atqiie recisa adeo ab ar^ 
^' teriis cordis potentia, tamen sanguis novam 
** velocitafem acquirit, quas neque a cofde est, 
'* neque a pond^^re, neque ab uHa potentia nobis 
" cognita, nisi occultam, at'que subttlissinfiam 
vasorum minimorum contractionem admittas^ 
quae sanguinem contentum undiqueurgeatpari 
vi, et quae motum nullum generet, dum onmia 
" vasa Integra sunt, tunc autem se exserat, et 
•* sanguinem in novum nrw^um restifuat, ct dc- 
*• nique per vulnus exprimat, quando locus aliquis 
*' natus est, a qwo eandem pressionem dempseris. 
*^ Non idco velim me videri contraria diccre pri- 
orum, quando contractilem vim ab artcriis eo- 
rum animalium niinoribus abessc scrips?. Pha?- 
'^ nomena eo loco narravi, negavi conspicuam in 
*^ minimis artcriis contractionem reperiri, et nunc 
^^ sinccrus aliud phcenomcnon propono, quod non 

*• vjdetvJr 



€1 



it 



OF THZ BLOOD. 3p7 

** videtur absque aliqua contractione intelligi 
** posse: ea vero contractio a vita non pendet, 
** neque musculosce est indolis, quae a morte su- 
**persit, et ad nativum potius elateiem tensa^ 
" fibrae cellulosae spectat; ea enim alio etiam in 
^^ exemplOy sed lente, et multis continuis diebus^ 
^^ arterias calidorum animalium rescitas exinanit^ 
** diametrumque minuit, et lumen delet. " (Phys. 
torn. Ih pag. 215.) 

Attraction cannot, in fact, produce the cur- 
rents of the blood towards the opening of the 
vessels. 1. Because the blood floM's equally from 
the branches to the trunks, and from the trunks 
to the branches, that is, into those places con- 
taining very luiequal and disproportionate quan- 
tities of blood (Exp. XLVI. LIII. LV,) S. 
This reciprocal attraction of the globules, which 
I have so often observed, is too feeble and lan- 
guid, in comparison with the velocity with which 
the blood flows towards the incision. In shorty 
it frequently happens, that the blood penetrates 
into parts, wherein not a single, drop of thi3 fluid 
can be perceived, although even obliged to as- 
cend perpendicularly ({Ixp. LXX^IV. LXXXV. 
LXXXVI. LXXXVIL— 



». 
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The hypothesis of Hal ler, founded upon ati in- 
visible contraction of the vessels, by means of 
which the blood presses from every part with 
equal force, redoubles in velocity and streams 
through the opening, is ingenious, and even- 
probable : before endeavouring to ascertain if thfe 
vascular contraction was apparent to the eye, I 
conceived it incumbent on me to examine, whe- 
ther the vessels experienced any distention or di- 
latation, the existence of which upon the prin- 
ciple of their contraction, would aftbrd the most 
solid support to the theory of the physiologist of 
Berne. My experiments on this subject have 
not afforded similar results: several venous and 
arterial vessels presented an augmentation of dia- 
meter (Exp. LXVI. LXX. CXXIV. CXXV. 
CXXIX. CXXXIII. CXXXIV .) but in a great 
number of others, it was not evidently increased, 
although the interruption of the circulation by 
means of a ligature or compression, had consider- 
ably increased the quantity of this fluid (Exp. 
CXXVI. CXXVII. CXXVIII. CXXIX. 
CXXXL CXXXII. CXXXIII. 

These researches not having fulfilled my in- 
tentions, 1 was willing to ascertain, in a direct 
and positive manner, whether tlie capacity of 
the venous and arterial vessels experienced any 

diminution. 
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diminution. I had several times observed^ th^t 
these vessels, upon the removal of the ligature or 
compression, and consequently the accumulation 
of globules occasioning their distention, reco- 
vered that state of contraction which they for- 
merly possessed ; but I was anxious to discover^ 
whether this contraction would become greater, 
on diminishing the quantity of blood, or facili- 
tating its entire evacuation, by the destruction of 
the heart, &c- In consequence of these experi- 
ments, I found that the acrla and vena cava^ \\\ 
which the diastole and systole were evident, lost 
somewhat of their diameter, on the extravasa- 
tion of the blood (Exp. CXXXV. CXXXVI. 
CXXXVII. CXXXVIII.) but that all the 
other vessels preserved the same size and ca- 
pacity : the truth of which, I ascertained by an 
accurate measurement, before and after the ex- 
periment (Exp. CXXXVIII. CXXXIX. CXL. 
CXLI.) 

The very small vessels, which it was impossi- 
ble to measure, appeared to the eye neither to 
augment nor diminish in size or diameter 
(Exp. XCVIII. CXLIL CXLIII. CXUV- 
CXLV. ) 

These 
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These facts, although unfavourable to the hy* 
pothesisof Halter, are yet far from overturning it ; 
(because according to this writer, the contrac- 
tions of the vessels are so insensible, as not to be 
perceived) they only place it in the number of 
those theories which authors gratuitously assume 
in order to solve some phaenomenon of nature. 

Tlie contraction, by which the blood is forced 
tomrards the opening, depends not, says Haller, 
either on vitality, or muscular action, but is the 
effect of the elasticity of the cellular membranes. 



cc 



£a vero contractio k vita non pendet, neque 
musculosac est indolis, quas4 morte supers! t et 
^^ ad nativum potius elaterem tensas fibne cellu- 
** losae spectat." (Ibid.) 

Can the vessels which are destitute of this 
power, produce that flux and re-flux of blood 
towards the opening? Experiments not only 
evince that this phaenomenon occurs in the chick 
and tadpole, at a very early period, however soft 
and yielding may be the cellular substance of the 
venous and arterial coats (Exp. LXVL LXVII. 

xcv. xcvi. xcvii. xcviii.xcix.cn.) 

but also, notwithstanding their pliancy and thin- 
ness, 
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ness, the vessels experience a sensible dilatation, 
when the blood is accumulated in a considerable 
quantity (Exp. LXVI. LXX.) which could not' 
take place unless the vascular coats were endow- 
ed with some . degree of elasticity. It is, how* 
ever, true, that the arterial and venous vessels, 
lose only the augmentation of cajkcity occasion- 
ed by the accumulation of the blood, and pre- 
serve that which they originally possessed. All 
these facts, well considered, render the opinion 
of Haller still doubtful. 

The two following circumstances are, perhaps^ 
less favourable to his hypothesis. The first is de- 
duced from Experiment LXIII. and LXIV: an 
incision was scarcely made into the artery, which 
was the subject of examination, when the column 
of blood divided into two opposite currents, and 
streamed through the opening. These currents, 
at first, filled the whole capacity of the vessels, but 
they insensibly diminished, until at last they ap- 
peared like a small reddish filament, which was 
scarcely visible, suspended in the axis of the vesseL 
A follower of Haller would believe, that in propor- 
tion as the columns diminished in volume, the 
sides of the arteries should contract; they pre- 
served, however, the same capacity and size 

B d M'hicI) 
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which they possesed before the experiment (Exp. 
LXXIII. I.XXIV.) 

Tlie second fact, which I omitted to relate with 
the other experiments, is not less conchisivc: I 
took a portion of the intestine of a calf, or some 
other young animal; and, after having distendetf 
and filled it with water, by means of a syringe, I 
placed upon it a double ligature : but scarcely had 
the superior part been slightly opened, when the 
water spouted out, and continued to flow until 
the extreme tension of the intestine was removed. 

This jet of water may be compared to that of 
the blood from an opening in a vessel: but, if 
a compression so considerable, as that of the in- 
testine, could only expel a very small quantity 
of Avater, can the insensible contraction of an 
artery or vein, produce a stream so rapid and 
abundant as that which escaped from the vessels, 
although the blood was obliged to ascend against 
its own Meight (Exp. LXXIX. LXXXII. 
LXXXIV. LXXXV. LXXXVl. LXXXVll )? 

These facts are far from overturning thehypo- 
-thesis of Haller ; it only appears to me, that phy- 
siologists ought to suspend their opinion, until 

new 
3 
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new experiments shall remove those doubts which 
press upon this theory, or overturn the basis upon 
which it is founded. 

But if the circumstances which we have enu- 
merated, be gratuitous, insufficient, or false, 
what theory shall we admit? I incline rather to 
avow my ignorance, than adopt an hypothesis 
which accords not altogether with the established 
laws of nature. 

SEVENTH RESULT. 

A celebrated professor of Montpellier(Lamure) 
has maintained, that the supposed pulsation of 
the arteries is an appearance which should be 
attributed to the action of the heart, elevating 
them during its contraction. * I shall give a short 
eummary of this singqjar theory; which other 
writers had adopted before him; but which he 
has partly appropriated by the new facts with 
which he has supported it. 

It is commonly believed, that the pulsation of 
the arteries is occasioned j)y the stroke which 
they receive from the propulsion of the blood by 
the heart. According to physiologists, the 
strongest lateral pressure exceeds the weakest but 
about one-eightieth, which must therefore be the 
ultimate augmentation of diameter of the artery: 

D d 2 so 
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SO that if the capacity of the aorta, for example, he 
ten lines, its increase will only be one-eighth of a 
line. The diameter of the intestinal arteries being 
about one-tenth of a line, must experience, during 
each dilatation, an increase of one-eight-hun- 
dredth ; through which the blood runs in half a se- 
cond. The minute hand of a watch, moves over 
the space of one-eightieth of a line in one-second: 
its motion, however, is not apparent; whilst we 
readily distinguish the pulsation of an arterial ves* 
sel, which is five times slower than the motion of 
the minute hand of a watch; and the size of each 
is nearly equal. The eye, which cannot perceive 
the motion of the minute hand, should not then 
be able to distinguish that of the arteries; unless 
it proceeded from the friction of the sanguineous 
globules. When we compress an arterj- in two 
places at a little distance from each other, the 
pulsations are maintained with the same force 
and rapidity between the ligatures, as in the por- 
tions above and below them. All the arteries 
pulsate at once; and their diastole corresponds 
with the systole of the Iieart: tJie pulsation is 
not evident underneath the vessel. 

The veins are not susceptible of pulsation, be- 
cause the soft and pliant contexture of their < oats 
render them incapable of receiving the impulse 

which 
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wliich the action of the heart has a tendency to 
communicate. 

Such are the principal facts and reasoning, 
from which professor Laniure concluded, that 
the pulsations of the arteries do not depend on 
the lateral impulsion of the blood ; bqt that on 
the contrary, they proceed from the elevation of 
these vessels produced by the change of position 
which the heart experiences during its systole. 

However ingenious this theory may appear, I 
hope to convince the reader, that it i^ founded 
ppon false reasoning and data, contrary to obser- 
vation and experience. 

1. The fresh water and earth worm, in v^ich 
a large artery performs the ftmctions ot -he ht-a ', 
exhibit in a very sensible manner the phaenoiiic 
non of pulsation : the pulsations are even appa- 
rent, as well as tlie circulation in the vessels of 
the head and tail, after they are separated fronj 
the principal artery.' (Riproduzioni Animali| 
y. IfletfiO.) 

2. If the pulsation of the arteries consisted 
i^ijerely in their elevation, no augmentation should 
^e place in the lateral capacity of these vessels: 

D d Q experiments^ 
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experiments, however, demonstrate that this is 
not the case, since the descending aorta of the 
salamander, and of grey and green lizards aug- 
mented considerably in that direction (Exp. 
CLI V. CLX. ) The same circumstance occur- 
red in the bulb of the aorta in land and water 
frogs (Exp. CLVII.) whilst the lateral capacity 
of the pulmonary arteries in grey and green li- 
zards, increased nearly one half (Exp, CLVII I. 
CLX.) 

3. On examining with attention the arteries 
w^ich crept upon the external surface of the 
membranes, 1 observed, that the superior and 
oblique, as well as the lateral portions of their 
coats, were dilated in an equal and uniform 
manner (Exp. CLXL) hence the pulsations 
cannot be a simple motion from below upwards. 

4. The curvature of the aorta in salamanders, 
which from its isolated situation can be readily 
examined, was so evidently distended through- 
out its circumference (Exp. CXLVL) that the 
ilispection of this large vessel, would of itself be 
sufficient to overturn the theory of the Professor 
of Alontpellicr. 

5. After dividing transversely the cur\-ature of 
the aorta, and attentively observing that por- 
tion 
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tion attached to the heart, I perceived its orifice 
become lYiuch larger during each pulsation (Exp. 
CLII.) Tiie capacity and size of this vessel are 
then increased, and far fiom changing its posi- 
tion, and being elevated, it experiences an actual 
dilatation. 

It is an unquestionable fact, that this dilata- 
tion proceeds from the impulsion which is com- 
municated by the heart to the aiterial fluid. 
For wh^n the blood penetrated slowly into the 
artery, the pulsations were observed in succes- 
sion, and affected only that portion of the vessel 
subjected to its stimulus. (Exp. CLXVII. 
CLXX.) When it took a retrograde direction, 
or altogether ceased, the pulsations were no 
longer evident, although the action of the heart 
continued. (CLXVIII. CLXXI.) When the 
circulation was interrupted by a ligature, the 
superior portion which received the impulsion of 
the heart, continued to beat; whilst in the in- 
ferior, M'hich became empt}^, or in which the 
blood stagnated, no appearance of dilatation was 
exhibited. (Exp. CLV. CLXIX. CLXX.) 
Upon removing the ligature, the circulation and 
the pulsations were re-established throughout the 
artery (Exp. CLXTX. CLXX.) they were 
feeble when the vessel contained onlv a small 

p d 4 quantity 
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quantity of blood (Exp. CXLVIL CLXVII. 
CLXXL) but when this fluid was more abun- 
dant, they were performed with additional 
strength and rapidity (Exp. CXLVIL ) 

Although after depletion, the arterial system 
lost the power of contraction and dilatation, we 
must except the curvature of the aorta in land 
and water frogs, and in the salamander (Exp. 
CXLVIL CXLVIII. CLVII.) wherein it con- 
tinued, even after the excision of these organs^ 
and their separation from the body of the animal 
(Exp. CXLVIII. CLL) hence we must con- 
clude, that the pulsations in them depend not on 
the heart's action, but that it is inherent in the 
aorta itself: an experiment which, from the con- 
fession of Lamure himself, is sufficient to over- 
turn his hypothesis. The motions of the aorta, 
even when not detached from the heart, have no 
dependance on the action of that viscus. 1. 
The contractions of the heart and aorta were 
synchronous, whilst, according to the principle 
of Lamure, this vessel should dilate when the 
heart is in a state of systole (Exp. CXLIX. 
CL.) 2. The motions of the aorta were fre- 
quently performed when the heart was at rest; 
and vice versa. (Exp. CXLIX.) 3. The pulsa- 
tions of this vessel sometimes continued after 

the 
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the destruction of that organ. (Exp. CXLIX, 
CL) From all which we may conclude, that 
the systole and diastole of the aorta do not d^ 
pend on the action of the heart. 

It may perhaps be objected, that if the pulsa^ 
tions of the arteries do not depend upon the 
change of position in the heart, it is yet doubtr 
ful, whether they always proceed from the im- 
pulsion of the blood : thus the aorta of frogs and 
salamanders preserved that action, even after 
its entire depletion (Exp. CXLVII. CXLVIIL 
CLVII. ) The heart besides ceased not to pulr 
sate, even when it was separated from the body 
of the animal, although it did not contain a 
single red globule. Ilaller replied to this objec- 
tion, that all bodies which possess a stimulant 
property, can excite the irritability of the heart, 
in the same manner as the blood. The air, for 
instance, is found to be a very active stimulant, 
by means of a single air bubble contained in the 
cavities of the heart, detached from the body of 
of a frog, its motions were continued several 
hours, and were even renewed after a complete 
interruption. If then the vascular system pre- 
serves its activity, although entirely deprived of 
blood, we must conceive that its place is sup- 
plied by some aeriform fluid; since, we learn, 

from 
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from positive experiments, that the heart ceases 
to beat in the exhausted receiver of an air pump, 
and recovers its original action on being with- 
drawn, and again exposed to the atmosphere. 
Hence these researches prove the existence of an 
clastic and invisible fluid, contained in the arte- 
rial and venous vessels. Besides the pulsations 
ate in a direct ratio of the impulsion of the 
blood ; they begin and cease with the motion of 
this fluid; and we ought not to be astonished, 
that the curvature of the aorta, and the vena 
cava in salamanders, and land frogs, even when 
detached from the auricle*, and entirely empty 
of blood, are independent of this laM^, since the 
muscular coats of these vessels render them, like 
the heart, susceptible of the action of the air, or 
other stimuli (CLXV. (XVI.) 

The aorta of salamanders, and land and water 
frogs, approached during its pulsation the sides 
of the heart, when in a st:itc of contraction: 
(F.xp. CLIII.) whence it follows, that this vessel 

* The fact mentioned in the text is well known to 
an.itoniiMs; and with other circumstances, scr\c to evince 
the. error of t];oi?c physiologists, who ascribe the motions 
of tlic vena c.iva, wh.illv to the reeiiriritation of the hI'K>d 
in thai vc-.^J, by the alternate contraction> of the rivrhi 
ap.riclo of the hcp.d. /f. //. 

COuid 
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could not suffer that elongation, of which the 
descending aorta in the salamander, and the 
pulmonary arteries in the grey lizard are suscep- 
tible (Exp. CLIV. CLV. CLVIII.) If this 
elongation has not given rise to the mistake of 
the French physician, it is at least favourable to 
his opinion; because it may be affirmed, that* 
during the elongation of these vessels, they ac- 
tually change their position, at least in the places 
where thev form curvatures, the diameters of 
which became then much more considerable. 
(Exp. CLIV. CLVIII.) It even sometimes 
happened, that the capacity augmented or di- 
minished, so that the artery i-eprcsented the 
stretching and contraction of a worm. (Exp, 
CLVIIL) But upon examining the arteries with 
the most minute attention, and with a mind free 
from any pre-conceived hypothesis, I found that 
this vermicular motion was always accompanied 
with an actual increase of capacity. In fact, 
that the pulsations consisted in an elongation of 
the artery, which appeared -to change its posi- 
tion, as well as in a distension which augmented 
its capacity. (Exp. CLIV. CLV. CLVIIL) 

Lamure endeavours to refute the common 
opinion of physiologists, and support his own, 
from the pulsations which are observed in a 

portion 
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portion of an artery included between two Ifga^ 
tares. I shall remark, 1 . That thb phasnomeT 
non is not constant ^nd general: I never per^ 
ceived it in the arteries of ihe chicks the descend- 
ing aorta of the green lizard or salamander, nor 
in the pulmonary vessels of grey and green li- 
zards (Exp- CLV. CLVI. CLXII. CLXIX, 
CLXX.) even a single ligature was sufficient to 
destroy, in the inferior portion of the vessel, all 
appearance of pulsation (Exp. CLV. CLIX.) 

2. The aorta in salamanders, the only artery 
that contracted, notwithstanding the application 
of two ligatures (Exp. CLXIII.) far from fa- 
vouring the opinion of Lamure, demonstrates its 
insufficiency, since the pulsation of this vessel 
consisted in an actual dilatation (Exp. CLXIII.) 
which was maintained, notwithstanding the se- 
paration of the artery from the h^art (Exp. 
CLXIII.) and even after its division beyond the 
ligatures, and its extraction from the body of tl)C 
animal (Exp. CLXIV.) When, however, the 
portion of the aorta between the ligatures did 
not contain any red globules, the pulsations were 
lin)itc(l to its curvature ; whilst, on the contrar}*, 
when it was filled with this fluid, they extended 
from one compression to the other: (Exp. 
CLXI\^) a phaenomenon, wfeich receives a 

satisfactory 
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^tisfactory solution from the impression of the 
air acting more powerfully on the aortal curvature*, 
than any other portion of the vessel, in conse- 
quence of the greater muscularity pf its mem- 
branes. 

. It appeared, that when the arteries were en- 
dowed with a considerable degree of irritability, 
the application of two ligatures could not pre- 
,vent some degree of contraction and dilatation ; 
but, on the contrary, when this principle wa^ 
extremely feeble, the action of the vessels en- 
tirely ceased. Thence, withput doubt, the in- 
action with which all the arteries, except the 
curvature of the aorta, appeared to be affected 
beneath the ligatures, did not proceed from a 
total want of irritability, else the sides of the in- 
cision could not contract, so as to come into ac- 
tual contact (Exp. CLXVII. CLXX.) but 
from this principle being so feeble, that it was 
unsusceptible . of the action 6f the air or the 
blood in a state of stagnation, and required a 
more active stimulus, such as that of the glo- 
bules agitated by the impulse of the heart. 

It only remains for me to deduce two corolla- 
ries from these facts. The first relates to the 
dilatation of the arteries during their pulsation. 

This 
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This dilatation is unequal in different vesseJ% 
and in diiferent animals. 

1. The distension of the pulmonary arteries in 
grey and green lizards, was cceteris paribuSy in- 
finitely more eonsidcrable than that of the aorta 
(Exp. C'LX.) which was likewise the case with 
the curvature of the aorta in salamanders, rela- 

• 

lively to the descending aorta. 2. The aorta of 
grey and green lizards was dilated in a much less 
degiee than that of frogs and salamanders*. 

The second corollary proves the inaccuracy of 
Laniure's calculation respecting the dilatation 
of the arteries, since the capacity of these ves- 
sels, during their pulsation, sometimes increased 
nearly one half (Exp. CXLVI. CUV. CLYII. 
CLVIII. CLX.) 

* The reader may rest assured, that I have several 
times witnessed these two fa(jts, although they were nul 
related with the experiments. 
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NOTE S. 

JN OTE 1, page 247. Irritability is exercised under the 
double mode of contraction and dilatation : both toge- 
ther constitute its essence ; they act at difTcrcnt intervals 
xvithout destroying the unit)' of that principle of which 
they evince the power. 

Irritability is a property of the muscular fibre. The 
most direct experiments prove, that it is independent of 
the re-action of the brain and nerves; but it appears 
subordinate to that particular energy which the nerves 
possess, but which we must not confound with that 
power whic'h is only exercised in the sensorium com^ 
imine. 

' Irritability can only be excited by the application of a 
stimulus; the action of which is not merely mechanical. 
It produces an excitement in proportion to tlie activity 
of the irritable principle, and vice versa; but which va- 
ries according to the different parts which art! endovved 
with this power. It appears probable, that the tl. -iric 
fluid is the cause of spontaneous motion, that the blood 
produces the systole and diastole of the lie^rrt ; the air, in- 
spiration and expiration j- the alimentary juices, the pe- 
ristaltic motion of the intestines; the urine, the action of 
tlie bladder, See. &c. The duration of anvstinmlusdoes 
not necessarily include its activity. Although the blood, 

the 
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the electric fluid, Sec. arc always present^ they do ii6t 
produce in their different systems a state of perpetual 
energy of contraction. But is contraction proved to be 
the active mode of irfitaBilitv ? Should we not rather 
suppose it to consist in dilatation, if it be a fact, that du- 
ring the state of relaxation the fibres more nearly ap- 
proach each other; that they separate, expand and dilate 
in proportion to their vitality; that pulmonary activity 
consists in inspiration ; that it ceases with life ; and that 
after death, the heart, sphincters^ &c. are found to be in 
a &tatc of contraction ? 

Note 2, pagp 254. The mechanism of no system 
presents itself to the imagination under a more simple 
and regular aspect than that of the circulation. A 
hol!(7w muscle, endowed with a considerable force, and 
supplied with two orders of vessels, which distribute and 
bring back a red and globular fluid, from the center 
to the circumference, and from the circumference to 
the center. Such is at first the idea which we form of 
the vascular system: but the anatomist, who inclines to 
icrutinize the organization of these parts, finds the most 
complicated muscular texture, and in this double order of 
vessels, a labyrinth of folds and re-duplications, of wind- 
ings and convoKitions, in which he is bewildered and lost. 
The remarkable diflTerencc tliat this system exhibits in 
warm and cold-blooded animals, is particularly astonish- 
ing. The arterial and venous fluid, in the first, contains 
less scrum, and is of a deeper and more florid colour; its 
heat is constant and regular in the frozen regions of the 
North, and in the buriiing desarts ot Africa. This equi- 
librium is supported by the aid of evaporation, (whatever 

may 
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may be the temperature of the surroimding element from 
SO' to 32° of Reaumur's thermometer. The heat of the 
blood in the second, on the contrar)', is in proportion to 
that of the atmosphere in which they live. Heat in them 
appears to be less a constituent principle than a common 
element, of which they experience the salutary influence. 
The cold can even coagulate the blood of these animals, 
without entirely destroying the vitality of their organs. 
Spallanzani assured me, that he preserved for two years 
several frogs in a heap of snow : they had become dry, 
shrivelled, and even friable, and displayed no external 
appearance of motion or sensibility. In order, however, 
to recover them from that state of torpor, exposure to a 
gradual and moderate heat was only necessary. Chance 
enabled Professor \'olta to make the same obscn-ation. 
Some frogs, wliich he forgot, in a vessel, the water in 
which had frozen, exhibited, after several months, not- 
withstanding the disorganization of their parts, and with* 
out the aid of artificial heat, strong signs of galvanism. 

The heart, in cold-blooded animals, is composed of 
one ventricle and one auricle. The pulmonary vessels 
originate from the aorta and vence cavce : and the blood 
is propelled at the same instant and by the same force, 
into all the vascular ramifications. In warm-blooded 
animals, the heart is quadrilocular. The pulmonary ar- 
tt-ries and veins sink directly into the substance of that 
viscus; they form a distinct order of vessels, which have 
no kind of communication with those of the other organs. 
Hence a particular circulation, independent of that car- 
ried on in the aorta and vena* carcCy a circulation of 
v^bich, the action is so favourable to the production and 

£ Q cxtricatiou 
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extrication of animal heat^ as to render it probable, that 
from this cause proceeds the difference of temperature \jx 
warm and cold-blooded animals. In the last^ the in- 
fluence of the heart's action, is less evident in the venous 
and arterial vessels: it nevertheless accelerates, retards^ 
disorders, and suspends the circulation; which^ however^ 
is still carried on in vessels separated from the heart; 
and even maintained after the complete excision of that 
viscus. 

The vascular system of warm-blooded animals is in- 
timately connected with that of the nerves: it is, per- 
haps, impossible to discover any venous or arterial rami- 
fication, which is not accompanied with some nervous 
filament. The heart and brain have the most intimate 
relation : the slightest lesions in the medulla oblongata, 
or spinalis, produce the greatest disorder in the motion 
of the blood. Whilst in cold-blooded animals^ a punc- 
ture or incision, made into any of these parts occasion 
no evident change in the circulation; it even continues 
to be carried on whole days after the entire destruction 
of the brain and spinal marrow. Corrupted food, ill as- 
similated chyle, a long abstinence from food, destroy in 
the first, the strength and regularity of the vascular ac- 
tion, whilst, the second class of animals can endure a 
total want of nourishment for several monthst without 
the circulation experiencing the least disorder. The pb\ - 
Biologist who reflects on all these differences, will con- 
gratulate himself on the researches made by Spalianzani, 
on an animal, (the chick) the organization of which, has 
such an intimate relation with that of the human Lodv, 

• 

as to warrant the application of i\\t most positive and 
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direct induction^ on the action and use of the vascular 
systenij and on the diseases with which it is afTecled. 

Note 3, page 260. The application of technical and 
geometrical processes to sciences which do not admit of 
it, tends rather to retard than accelerate their progress. 
It would, doubtless, be a great step towards the advance- 
ment of physiology, were it possible to submit to mathe- 
matical calculation the laws of the circulation, the affi- 
nity of the gastric juices, the mechanism of the secre- 
tory organs, the degree of sensibility, the action of the 
moving power, &c. but how shall we attain this object, 
without an accurate and precise knowledge of these sys- 
tems, their intimate structure, their elements, their figure^ 
their extent and mass, their relation with one another^ 
or with external bodies? Can we hope with our imper- 
fect means, and on a subject involved in impenetrable 
darkness, ever to acquire that knowledge which is indis- 
pensible in order to arrive at accurate conclusions ? The 
animal economy is subject to constant and invariable 
laws; but we can only hope to discover them by the 
aid of observation and experience, and in the body 
itself, where their power is displayed. It is seldom that 
we can make a happy application of mechanical prin- 
ciples to the living system. The circulation (not to de- 
part from our subject) cannot be subject to hydraulic 
laws; the inequality of the capacity of the vessels, the 
most irregular angles, the most tortuous sinuosities, the 
greatest friction, &c. produce, according to the experi*- 
ments of Spallanzani, scarcely a perceptible change on 
the circulation; a result which must appear strange, if 
we compare the vascular syBtem to an bydraniicffiacbint) 

£ e 2 but 
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but which can neither surprize nor astonish those who re« 
fleet, that all is animated in the human body : the most 
simple fibre^ as well as the most complicated organ, and 
that the viscera which form a central point of vitality, 
are rather dependent on the parts with which they cor- 
respond, than a source supplying them with \ital energy. 
Besides, the sect of mechanical physicians have in France 
but a very small number of followers: — If the revolution 
which chemistry experienced, had not been directed by 
men who united the greatest talents with the most pro- 
found knowledge of .the science of man, the schools 
would still have resounded with the extravagances of 
Paracelsus and Willis, which some individuals endeavour 
in vain to re-establish. 

■ 

Note 4, page 277. Such is the force of prejudice and 
hypothesis, that they often blind those who -arc most 
capable to detect and expose error. Spallanzani, who 
was assured by the most direct and positive experiments, 
that the circulation was carried on with quickness and 
regularity in vcsseU, separated from the heart by ligature 
or division, and that it was even maintained throughout 
the venous and arterial vessels, several hours and e\'cn 
whole days after the destruction of that viscus, neverthe- 
less believed that the heart's action was the sole and onlv 
cause of the motion of the blood. I cannot more effec- 
tually refute this extraordinary opinion of the Professor, 
tiian by relating the experiments contained in the fourth 
Section of the third Dissertation^ to which I refer tlie 
reader. But what are the principal sources which second 
the activity of the heart, in producing and carrying nn 
tine circttkuioo ? The mott'powerfuly perhaps, CQosist in 

the 
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the contrdclHe dction of the venous and Arterial vessels, 
which, according to John Hunter, and Scarpa, are of a 
fibrous texture, the structure of which is more dense and 
compact, in proportion to their distance from the heart ; 
6o that the blood, as it proceeds from this organ, and thus 
loses somewhat of the momentum received from it, finds 
in the vessels themselves, a power which repairs the loss 
of this momentum, diminishes the obstacles it encounten*, 
and preserves and maintains its original velocity, amidst 
all the folds and convolutions of the ultimate capillary 
ramifications. That, at least, is the most probable con- 
sequence^ that can be deduced from this anatomical fact^ 
which I have repeatedly had occasion to witness. 

Note 5, page 295. Spallanzani docs not pretend to 
deny the existence of the Lymphatics, Had he even doiK 
so, at the period when this work was written, he would 
liavc bcai supported by the opinion of the most cele- 
brated anatomists. But the ingenious researches of 
Cruikshank, Mascagni, and several others, have now re- 
moved every doubt with regard to the existence of this 
order of vessels. With the Italians, they constitute a se- 
parate branch of instruction, from the. study of tJic arte- 
lies and the veins ; a practice wiiicii will, doubtless, be 
soon adopted in the universities of France. Tiie reader 
will, perhaps, learn with pleisure, that the immortal pro- 
fessor of Sienna, is publishing an edition in bvo, of his 
great and magniiicent work^ with two plates^. xybich ex- 
hibit an oudine of the principal divisions of the Lym- 
phatic System. The iir^it volume has- alreitdy :appc|i!td : 
The second will contain an answer to t^tt^ objections of 
I loriau Calda^i, (tlic nophewH^f Uic^ce)cbrated:pb}l8ioko|Ut 
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of that name) against the exclusive absorption of the 
Lymphatics* 

Note 6, page 295. The microscopic observations of 
Spallanzani justify the supposition^ that the arteries and 
veins contain, in addition to the blood, lymph, &c. an 
elastic and invisible gas, and the ingenious enquiries of 
Michele Rosa*, not only demonstrate its existence, but 
most clearly elucidate its mechanical and vital properties, 
the influence it has on the momentum of the blood,pulsa- 
tion, respiration, and the proportions in u'bich it is con* 
tained in the arteries and veins, &c. It remains to de- 
termine the nature of this air, in regard to which, with- 
out positive experiments, nothing can be formed except 
conjectures more or less plausible. The facility of col- 
lecting this gas, and analyzing its elements, the seal and 
great knowledge of some celebrated men, who particu- 
larly apply themselves to this branch of chemistrvj in- 
duce a hope, that they will soon enter upon these experi- 
ments; and I shall feel particular pleasure in having called 
their attention to a subject, the examination of which, 
must throw light upon sanguification and circulation. 

Note 7, page 382. I was several times present while 
Spallanzani performed his experiments on languid circu- 
lation. When the death of the animal took place in a 
slow, and gradual manner, the blood, at first, bc<^an to 
abate its current, it gradually lost its momciitimi, and 

• Lettere Fisiologische del Cavaliore Mirhele Rosa, cm 
Qsser\'aziaiu ed esperienze sul sanque fluido e rappresso, &c. del 
PietroMoMti^ Napoli, 1788. 9vols.&c 

SU)ppcd 
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stopped almost in an insensible manner. But on em- 
ploying the processes of Haller; that is, securing the 
mesentery with hooks, forcibly extending that membrane, 
and deranging the natural position of the vessels; the 
phaenomena, stated by this physiologist, such as the in- 
^ termission, oscillation, flux and reflux, of the venous and 
arterial fluid, proceed in alternate succession. But does 
it thence result, that the observations of Spallanzani de- 
stroy those of Haller ? I do not think so. It would even 
appear to me, that they are not contradictory. The 
former shew, that when the principle of life is gradually 
extinguished, the circulation ceases insensibly ; the latter 
prove, that the blood, before it stops, exhibits the most 
irregular appearance, when the animal perishes by a vio- 
lent death, and the veins and arteries are forcibly stretched, 
pompressed, and irritated. But, the sanguiferous vessels 
being ^ected with spasm or atony, in the greatest num- 
ber of disorders which induce the dissolution of the ani- 
mal machine, and likewise experiencing, sometimes, a 
very violent action, and at others a very feeble re- act ion, 
proceeding cither from the contiguous parts, or from the 
fluids which circulate in their cavities, the experiments 
of Haller ought to be admitted in a more general and 
extensive sense, than those of the Professor of Pavia. 

This retrograde motion of the blood towards the veins 
of the brain, explains the elevation and depression of that 
viscus duruig respiration : Haller, Spallanzani, and se- 
veral other physiologists have remarked, a reflux of this 
fluid towards ihe descending vena cava ; and Cotugno 
)ias very well elucidated the mechanism of this process, 

in 
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in a paper inserted in the first volume of the Transactions 
of the Royal Academy of Naples. 

Note S, page 393. It deserves to be rcmariccd, that 
co}d-blo«9ded animals sunive^ for several days, the de« 
struciion of the heart or brain; whilst, in warm-blocded 
animals, the slightest lesion of either of these viscera, pro- 
duced the most da-adful consequences. This principally 
artses from the difference of connexion between the re- 
spective organic systems, and in these two classes of ani- 
mals. In tlie first, the organs are not so intimately 
united. The fibres, the vessels, the nerves, and even 
the viscera, seem to exercise functions separate and dis- 
tinct; having nothing in common but a mutual ten- 
dency to support and preserve the whole machine. In 
the second clas?, on the other hand, the organization, 
and action of these parts are more intimately connected, 
and have a greater dependence on each other. The heart 
cannot continue its motion, if the respiration slops : tl.c 
Stomach v-^cascs to dicre^t, if the brain be aficctcd ; Xhc 
nen'es su'Ter the most violent convulsions, if the circula- 
tion be disordered and irregular, Sec. It is not ca-v i ) 
discover the cause of this difference of connexion. It 
may, perhaps, be found in the inseparablf: conncxi^it of 
the circulation, with rcsph'ation in vvarm-blocid.fl rii-.i- 
mals, and the almost entire separation ofiho>etv.o t\u;v- 
tions in those with cold-blood. 
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